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ABSTRACT

Experimental data on the absorption coefficient of alkali halides were

searched, compiled, and analyzed. It was found that the bulk of available data

were concentrated to the absorption edges of the main transparent region and

were for the seven materials LiF, NaF, NaCi, KC1, KBr, KI, and CsI. Although

the intrinsic absorption can be calculated by using the exponential dependence

of absorption coefficient on frequency which is formulated on the basis of

available data, discrepancies occur in the region where absorption is extremely

low, as observed at the wavelengths of interest to laser technology. At low

absorption levels, extrinsic absorptions due to impurities and surface contam-

ination dominate the intrinsic absorption by factors ranging from fractions

to factors by ten. Experience has shown that extrinsic contributions can be

reduced through improved crystal growing and surface polishing techniques.

Another possible reason for the discrepancies may be the limit of instrument

sensitivity, since absorption coefficient lower than 7 x 10-6 cm- I cannot be

deteteod with certainty.

The results of this work on t1- alkali halides are given in two separate
reports. Presented in this report. are essentially the up-to-date knowledge

of available data and the recommended room-temperature values of absorption

coefficient in the laser wavelength and multiphonon absorption region. In

the second report, results on the data analysis and theoretical studies for

the temperature dependence of absorption coefficient will be given.
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1. INTRODUCTION

The purpose of this work is to present and review the available data and

information on the absorption coefficient of alkali halides, to critically eval-

uate, analyze, and synthesize the data, and to make recommendations for the

most probable values of the absorption coefficient. The investigation covers

the widest possible wavelength and temperature ranges and is based on the purest

samples of alkali halides.

The need for ultraviolet and infrared photographic and detecting devices

and the development of high-energy lasers and their associated applications

have resulted in requirements for a wide variety of highly transparent optical

components, such as windows, lenses, and polarizers. In selecting materials

of practical importance, one is concerned with the transparent region which

covers various lines of interest. For a given crystal, the width of the main

transparent region is governed by two factors. On the short wavelength side,

transmission is restricted by electronic excitation, and for long wavelengths

by molecular vibrations and rotations. The width of the transparent spectral

range increases as the energy for electronic excitation is increased and that

for molecular vibrations decreased. Theoretical and experimental studies on

the ionic crystals indicate that crytslas having small ions with strong bonding

have a wide ultraviolet transparency; this is true for alkali halides. In

Figure 1, a schematic view of the absorption spectrum of a typical alkali halide

crystal is shown. At the right (\40 m) are seen the absorption peaks associ-

ated with optical phonons while nearer to the left (O.15 Vm) are seen the

absorption peaks associated with excitons. It is seen that the transparent

region of alkali halides covers a spectral range that is suitable to most prac-

tical applications.

The alkali halides are typical ionic compounds and their physical properties

are in general well understood. The majority of the alkali halides crystallize

in the rock salt structure in which each cation (alkali metal ion) is surrounded

by six nearest neighbor anions (halogen ions), and each anion by six nearest

neighbor cations. The cations and anions are each situated on the points of

separate face-centered cubic lattices, and these two lattices are interleaved

with each other. This type of crystal is called the 8-form. A few of the

alkali halides normally crystallize in s slightly different arrangement,
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3

typified by the room-temperature structure of cesium chloride. In this structure,

each cation is surrounded by eight nearest neighbor anions and conversely.

The cations and anions in this structure may be considered to occupy, respec-

tively, the points of two inter-penetrating simple cubic lattices. This type

of crystal is called the a-form. A few physical properties of alkali halide

crystals are listed in Table 1.

The applications of high-power infrared lasers, which are now being developed

at a rapid rate, are largely limited by the lack of suitable transparent opti-

cal materials. As a result, much of the high-power laser research is directed

toward finding adequate high-temperature window and dome materials in the wave-

length region of 2 to 6 pm and near 10.6 pm. The alkali halides have large

transmission ranges from the ultraviolet to the infrared and are available

in large sizes and high purity. They are excellent materials for photochemists

who are interested in ultraviolet transparency and for laser scientists who

are :onsidered with infrared transmission. In spite of their intrinsic phys-

ical weaknesses, they are considered good window materials and are recommended

by the National Materials Advisory Board [1]. Efforts are being made to im-

prove their mechanical strength and thermal endurance without altering their

optical properties.

Among the various optical properties, those of practical importance are

refractive index and absorption coefficient. The latter is especially impor-

tant in the application of high-energy lasers because many unfavorable effects,

which are not observed at low energy level, are developed at high power levels.

No matter how low the absorption is, the effect is objectionable at high-energy

levels. As a natural consequence, the magnitude of absorption coefficient is

the key parameter in selecting the laser window materials.

Over the past years extensive theoretical and experimental investigations

have been conducted in an effort to determine the absorption property for op-

tical materials and to identify the mechanisms influencing the absorption.

As a result, numerous measurements and calculations have been reported. How-

ever, the available information is dispersed through the literature chronolog-

ically as well as geographically. A concise and comprehensive literature survey,

data compilation, and analysis is still not available. Yet the overall profile

of the available data and predictions of most probable values are indispensible

for scientific research and engineering applications. Because of this reason,
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the present work was initiated. Inherent in the character of this work is

the fact that we have drawn most heavily upon the scientific literature and

feel a debt of gratitude to the authors whose results have been used.

Although all of the alkali halides are, in principle, good optical materials,

some of them, however, are intrinsically unsuitable for ordinary applications.

They are either physically inadequate or chemically unstable. As a result,

available data on the optical constants are concentrate to the following seven

materials: LiF, NaF, NaCl, KC1, KBr, KI, and CsI, which are being presented

in this work.

Results of the present work are given in two separate reports, Part I

and Part II. The first report constitutes essentially the reporting of cur-

rent status of available data. Material is comprehensively compiled and dis-

played so that one can see at a glance the spectral distribution of available

data and the variation of data with respect to temperature and frequency.

In addition, efforts are made to generate recommended values of absorption

coefficient tor the laser wavelengths and the multiphonon region. The result

is an expression that relates the molecular weight of the crystal and a key

parameter in an equation that predicts the intrinsic absorption coefficient.

Details of this finding is discussed in the section of the report entitled

"Summary of Results and Recommendations." In the second report, which will

be submitted later, efforts on data analysis and theoretical studies are Jis-

cussed. It has been experimentally observed in alkali halide crystals, that

the exponential dependence of absorption coefficient on frequency holds in

the multiphonon region as well as in the Urbach tail region. Furthermore,

a power law seems to be generally valid in relating the absorption coefficient

with temperature in the temperature region >200 K. All of these features ar

clearly displayed in the first report. It can be s-en that analytical expr,!s-

sions similar to those for the Urbach tail can be formulated for the multiphonon

region.

_______________________________. ...______,_.... . . . ..... . . ..____



2. BACKGROUND ON THEORETICAL CONSIDERATIONS AND METHODS OF MEASUREMENT

The study of the propagation of light through matter, particularly solids,

comprises one of the important and interesting branches of optics. Tho many

and varied optical phenomena exhibited by solids include selective absorption,

dispersion, double refraction, polarization effects, and electro-optical and

magneto-optical effects. Many of the optical properties of solids can be under-

stood on the basis of classical electromagnetic theory.

The macroscopic electromagnetic state of solids, at a given site, is

described by four quantities:

(i) The volume density of electric charge
(ii) The volume density of electric dipoles, called the polarization

(iii) The volume density of magnetic dipoles, called the magnetization

(iv) The electric current per unit area, called the current density

All ol these quantities are considered to be macroscopic-lly averaged in order

to smooth out the microscopic variations due to the atomic makeup of matter.

They are related to the macroscopically averaged electric and magnetic fields

by the well known Maxwell equations [9].

Detailed discussion of Maxwell's equations is beyond the intended scope

of the present work. What we should bear in mind is that the general solution

of May:well's equations is a wave function for electric or magnetic field.

In thc treatment of the interaction of light and matter, the light is considered

as an oscillating electric field that engulfs the constituent molecules of

matter. Each of the molecules lay be considered to be a charged simple harmonic

oscillator. When these constit 'ent oscilla ors are driven by the t-ngi Ifin.

electric field of light they become excited by that field and emit Huygens-like'

spherical wavelets. In the early development of the theory of propagation of

light in matter, there was no practical alternative to treating the matter as

a collection of charged harmonic oscillators subject, perhaps, to damping lor-cs.

The modern developments in the theory of matter and its interaction with r.,di-

ation, have shown that this simple model has broad utilLty, and that it can b,.

employed in the discussion of optical constants.

The theory of the optical properties of single crystals is well known

and has been extensively reviewed. Hence, in this section, rather than dis-

cuss the derivation of the theory in detail, we will instead simply define
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theoretical constants, their inter-relationship, and how they appear in

expressions for experimentally measurable quantities such as transmission,

reflectivity, refractive index, and absorption coefficient.

The response of a nonmagnetic solid with isotropic or cubic symmetry to

incident electromagnetic radiation can be generally described in terms of two

optical constants, which are related to each other through dispersion relations.

These two optical constants can consist of either the refractive index n and

the extinction coefficient K, or El and E2, which are respectively the real

and imaginary part of the complex dielectric constant E. These two pairs of

constants are related as follows:

E =:I + icL + (n+iK)2 = (n: -K
2
) + 21nK (1)

Let R be the reflectivity at normal incidence of a solid of sufficient thick-

ness so that there is negligible reflection from the rear surface of the solid

and T be the corresponding transmission at normal incidence, then R can be

expressed in terms of n and K as follows:

(n-n')
2 
+ -

(n +n')2 + K'

Generally, the solid is either in air or in a vacuum, where n' 1. Therefore,

Eq. (2) becomes

R = (n-l)
2 

+ K (3)

(n+l)
2 + K"

Similarly, r_ can be expressed as

= {(1 - R)
2 

+ 4R sin; I} e
-

t (4)

where

e = absorption coefficient = 47K/X

A - wavelength of incident radiation

t = thickness of the sample

T tan- ' 12K/(n 2 +K 2 -)]

If n >> K, Eq. (4) becomes

_ ; (1-R )2  e-( t  (5)

Equation (5) is commonly used to determine the absorption coefficient directly

by observing the decay of incident light with the thickness of sample.
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As we mentioned earlier, the above equations are valid only if the reflection

from the rear surface of the solid is negligible. For thin samples, where

the reflection from the rear surface cannot be neglected, then the expressions

for apparent reflectivity and transmission are:

R [(l-e-at) 2 + 4 e - a t sin2 yJ
(1-R ae-at)2 + 4R e- t sin2 (T +y) (6)

e-
t [(1 -RW ) 2 

+ 4R sin
2 

T]

--a [2 -at
(1-R e-) 2 + 4Reat sin

2 (T +y)

where

Y = 2nt (n is an integer),

t - thickness of a thin sample,

R - apparent reflectivity,

T - apparent transmission.

The second term in the denominator in Eqs. (6) and (7) is an interference

term. If no interference fringes are observed because of thickness variation,

we then average over y and obtain:

(1 e-2at

1 - R
2 e

- 2
at

[(l-R.)
2 + 4R sin

2 T) e-at

- R2 e 2at (9)

It appears that if we know R and either n or K, the remaining one can

be calculated from this relation. But this usage is only limited to the trans-

parent region where direct measurement of n can be made. It is obvious that

the key roles in this method rest on T and R which are usually difficult to

measure accurately because of influencing surface conditions, such as flatness,

aging, oxide layers, adsorbed gas, etc. Errors of 1 to 5% in the resulting

absorption coefficient are typical. However, this method is self-contained

at a given wavelength, and it does not require additional data at other wave-

lengths or other properties.

1*
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Beyond the transparent region, in the high absorption regions, where neither

n nor K are observable, one has to rely on the reflection spectrum from which

the optical constants can be derived by the Kramers-Kronig analysis or by the

multiple-oscillator fit based on the Lorentz theory [10].

The Kramers-Kronig relations are derived from the dispersion relation in

that the phase angle O(w) of the complex reflectivity, R(w), is evaluated based

on the observed reflection spectrum

GO = M e e(W)(10)

W w [ nR( ') - £nR(w)] dM ' (11)6 (W) = ; P 0 2_ 32 d (1
i0 2 

_-w
2

where w is the frequency of radiation and P is the principal value of the Cauchy

integral. Based on the amplitude R(w), and phase angle of the reflectivity,

the refractive index and absorption index can be calculated according to the

following equations:

n(w) - - R(w) (12)

1 + R() - 2 w cos()

and

K() - 2A-(") sine(w) (13)
1 + R(w) - 2/?W-cose(w)

In principle, the calculation of 0 requires a complete reflection spectrum

with frequency ranging from zero to infinity. In practice, however, since

R is measured only in a limited range of frequencies, errors are inevitable

in the calculation of 0 and hence in n and i. These errors arise from the

extrapolation of R(w) beyond the range of measurements. The typical errors

in the resulting n and K are 5 to 10%, or more.

In the Lorentz theory, the refractive index and absorption index are

related to the oscillator frequencies, wi, the oscillator strengths, Si, and

the damping factors, Yi' by the expressions

sn l - (wlwi) 2
(

n - E + 2 (14)
i [ -(W/Wi)

2 1 + y ( /w )2
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2 n( w 2 2 ( 1 5 )

i [1 - (W/Wi)
2 ] 

+ Y 2 (W/W )
2

where c is the optical dielectric constant. The resulting n and K have to

satisfy the observed reflectivity by the relation

R(w) n(w) - I + iK(W) 2 (16)R(w)+ I + iK(w) I

It is clear that this approach requires the knowledge of the osc'llator

frequencies which in general is not complete because of experimental difficulties.

This leaves us no choice but to use only the observed predominant ones. Never-

toeless, this method, similar to the Kramers-Kronig analysis, yields good ap-

proximations to the properties under consideration.

Precise determination for small absorption coefficients, in the order

of 10- 3 cm-1 or lower, was considered impossible until the laser source became

available. As ,he bulk absorption becomes smaller than surface losses, uncover-

Ing the former requires amplification of the absorption effect which in turn

requires high-level energy input to the sample. The two commonly used methods

are laser calorimetry [11] and the differential technique [12].

In the laser calorimetric method, the absorbed energy is measured in the

form of heat. It can be shown that the total absorption is related to the ab-

sorbed energy, Ea, by

aL + 20 = { 2. (17)

provided aL < 1. Here, L is the sample length through which a laser beam passes

and 0 is the loss per unit surface area. E can be calculated using the spe-

cific heat and mass of the sample and the measured temperature rise. The trans-

mitted energy can be determined using a black body and its temperature rise.
In order to separate the bulk and surface absorptions, the total absorption

of a series of samples of different thickness, cut from the same piece of ma-

terial and polished in the same way must be measured. A plot of total absorp-

tion versus sample thic;ness will give a straight line with slope a and inter-

cept 20. This method yields very accurate results and is used to measure

absorption as low as 10- 5 cm-1 .
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In the differential technique, a duai-beam spectrometer is the basic

apparatus and the transmissions and thicknesses of a thick sample (Ts and dS )

and a reference sample (Tr and d r ) are measured. An optical wedge is added

to the reference beam and its transverse position is so adjusted as to balance

the transmitted intensity of the sample beam. The transmission of the wedge,

Tw, is then measured. The relation of the three measured transmissions is,

therefore

T r x '[ = T ( 1 8
r w as18

hence, by using Eq. (9)

M R-2ad r
Tw  e -2d|(19)

1-R2e s}

where Ad d dr, and

R -l n+i 
(20)

The accuracy of this method depends on the accuracies of the refractive index

and transmission, respectively. While the former can be determined with high

accuracy, accuracies of the latter depend on the instrument utilized. An un-

certainty of ±1% or greater is in general expected. This imposes a limit,

on the order of 1 x 10- 3 cm- 1, to the lowest absorption coefficient that can

be measured by this method.

The typical absorption spectrum of an alkali halide is shown in Figure 1.

If we plot the absorption coefficients versus frequency on a semi-log scale,

we obtain the absorption spectrum as shown in Figure 2. Behavior of the ab-

sorption coefficients in the multiphonon and Urbach regions, respectively,

suggests an exponential relation between absorption coefficient and frequency,

i.e., a - cioecv, where o0 and c are constants. In the transparent region,

absorption coefficients of a pure crystal are usually low. If reflectivity

can be accurately measured, absorption coefficient can be determined using

Eq. (3).

It should be noted that Eq. (3) does not apply to crystals with impurities

and defects which are characterized by the emergence, in the transparent re-

gion, of a number of absorption bands, the so-called "color centers." The

-, - -- _ __ _ --- - --
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well known ones are the F, R, M, and N absorption bands. Absorption coefficients

at these bands vary considerably with temperature, radiation, and time. How-

ever, at wavelengths other than these bands, differences in n are negligibly

small between samples, and Eq. (3) is valid. The importance of n in relating

other optical quantities is self-revealed. Essential parameters for formulae

of refractive indices of pure crystals are given in Table 2.
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3. NUMERICAL DATA

Presentation of Data

Data in the open literature are reported in various units. Absorptions

are given in units of cm
-
1, or as extinction index, optical density, or norm-

alized values. Energy is presented in terms of wavelength, wavenumber, fre-

quency, or electron volt. In the present work, the absorption coefficient

is consistently reported in units of cm
-
a and the energy in units of wavenumber,

cm
-
1. All of absorption data were converted, when necessary, to these uniform

set of units. However, in the case of reflectivity and transmission data, the

energy unit is in wavelength, tim, as conventionally accepted. Although we

have surveyed the absorption coefficient in the vacuum ultraviolet (vuv) re-

gion and a number of data sets have been collected, no attempt was made to

analyze the spectrum in the vuv region as it is beyond the scope of this work.

However, it was felt desirable to see the complete spectrum of absorption coef-

ficient. For Lhis reason the vuv absorption spectra are given in the Appendix.

A number of figures and tables summarize the information and data. The

conventions used in this presentation, and specific comments on the interpre-

tation and use of data are given below. Each sub-section in this section gives

all the information and data for a given material. The sub-sections are ar-
ranged in the following order:

3.1 Lithium Fluoride, LIF

3.2 Sodium Fluoride, NaF

3.3 Sodium Chloride, NaCl

3.4 Potassium Chloride, KCl

3.5 Potassium Bromide, KBr

3.6 Potassium Iodide, KI

3.7 Cesium Iodide, Csl

Presented in each sub-section are information and data in the following order:

a. A text describing and discussing the data, analysis, and recommendations.

With the thought that in general a reader will only concern himself

with a specific substance, it was felt highly desirable to include

in each sub-section important information even if it should consti-

tute a repetition of some of the subject matter found in other sec-

tions or sub-sections.
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b. A figure of experimental absorption coefficient (wavenumber dependence).

For the purpose of showing the details in each of the multiphonon and

Urbach tail regions, additional figures are included for visual clarity.

c. A summary table of measurements on the absorption coefficient (wave-

number dependence). An extract of pertinent information for each

data set is given in this table.

d. A table of experimental data on the absorption coefficient (wavenumber

dependence). The original data reported in this table are eonverted

to the adopted set of units. The order of magnitude of absorption

coefficient varies over a wide range, from 10- 6 cm- 1 to 10' cm-',

and that of wavenumber varies from 10 cm- 1 to 105 cm- 1. Therefore,

it is convenient to present the data in powers of ten. In this table,

the numerical value 1.259E±n stands for 1.259.10

e. A figure of experimental absorption coefficients (temperature dependence).

f. A summary table of measurements on the absorption coefficient (tem-

perature dependence).

g. A table of experimental data on the absorption coefficient (temperature

dependence).

h. A figure of experimental reflectivity.

i. A summary table of measurements on the reflectivity

J. A table of experimental data on the reflectivity.

k. A figure of experimental transmission.

1. A summary table of measurements on the transmission.

i. A table of experimental data on the transmission.

n. A table of peak position ; and the corresponding half-widths of the

well known F, R, M, and N absorption bands.

o. A table of recommended values on the absorption coefficient in the

infrared wavelength region. It is rather difficult to give recommenda-

tions in this region since most of the data are still in a provisional

status, as evidenced by new claims of the discovery of lower values

obtained through improvements in sample preparation and experimental
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techniques. As a result, in our tables of recommended values, we

give the lower limits predicted by the theoretical relations, the

lowest available values, or the most probable range of values for

a randomly selected sample.

In figures containing experimental data, if data sets are distinguishable, the

data sets are labeled by appropriate legends and denoted by the numbers cor-

responding to those assigned in the corresponding tables on the summary of

measurements and experimental data. The tables on the summary of measurements

give for each set of data the following information: the reference number,

author's name (or names), year of publication, wavelength range covered by

the data, temperature range, the description and characterization of the speci-

men, and information on measurement conditions contained in the original paper.

There are a number of experimental methods used for absorption coefficient

determinations. Listed below are the four most commonly used ones and their

corresponding code symbols used in the tables:

C - calorimetric method

Z - transmission and refraction method

T - transmission method

R - reflection method

The methods listed above are arranged in the order of their inherent accuracies.

The calorimetric method is by far the most accurate method in the determina-

tion of the absorption coefficient. It is used for measuring very low absorp-

tions with the lowest attainable level, in the order of 10- 5 cm-1 . Absorption

coefficients determined by the second method are usually reliable if the multiple

internal reflection and transmission are accounted for. The transmission method

is the most popular one used for absorption measurements because of its sim-

plicity. The reflection method is the least accurate method, iince errors of

5 to 10 or more are typical. It should be noted that neither the second nor
the third method is suitable for absorption coefficient lower than 0.001 cm-1

as their sensitivities are considerably reduced at low absorption levels.

Wavelength and wavenumber are two equivalent units to describe the spectral

dependence of a property. The conversion table given below should prove con-

venient.
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WAVENUMBER VS WAVELENGTH EQUIVALENTS

Wavenumber, cm Wavelength, lim

100,000 0.1

10,000 1.0

9,434 1.06

5,000 2.0

3,571.4 2.8

3,333.3 3.0

2,631.6 3.8

2,500 4.0

2,000 5.0

1,886.8 5.3

1,666.7 6.0

1,428.6 7.0

1,250 8.0

1,111.1 9.0

1,052.6 9.5

1,000 10.0

943.4 10.6

909.1 11.0

I
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3.1. Lithium Fluoride. LiF

Lithium fluoride has long been of practical interest to spectroscopy

because of Its attractive optical properties. Its large electronic band gap

places its useful transmission Limit near 0.11 jim, further into the vacuum

ultraviolet region than any other known material. It is, therefrre, a useful

substrate for absorption studies on thin films of other materials and has long

been used as such. In the range of 0.25-4.5 jim the dispersion is low and trans-

mission is high. Less transmission and higher dispersion are found in the

low ultraviolet and the infrared. In the low ultraviolet, optical components

must be made very thin in order to obtain maximum transmission. Selected spec-

imens of lithium fluoride, in moderately thin pieces, may be expected to trans-

mit several percent of the light down to wavelengths as short as 0.11 pm.

Impurities in the crystal, poor polish, and layers of foreign material on the

surface may reduce the transmission in the Schumann region down to a negligible

quantity. In the infrared, transmission begins to fall off rapidly at 7 wm,

and a prism is useful to 5 jm.

Optically speaking, lithium fluoride closely resembles calcium fluoride.

However, lithium fluoride is preferable to calcium fluoride for use in pris-

matic form because of its much greater dispersion in the infrared and greater

transparency in the extreme ultraviolet.

Unlike the other alkali halides, lithium fl-oride is practically insoluble,

and advantage is taken of this fact in the purification of the salt. High

purity single crystals of lithium fluoride up to more than 5 inches in diameter

and 4 kg in weight are commercially available and are suitable for Making op.

tical componLnts in various sizes.

Measurements of the refractive index of lithium fluoride date back to

1927. The existing data cover a spectral range from 0.00236 to 600 jim and

at 2000 pm. Based on the optical behavior of the material and the experimental

techniques, these data fall quite naturally into two categories: the trans-

parent region ('.0.Ii to '\9.0 jm) and the absorption regions (ZO.11 and 59.0 Jim).

For the high transparency region, since large sizes of LiF are easily obtained,

the deviation method is commonly used with the sample in prismatic form. This

method was adopted by a number of researchers: Gyulai (271, Schneider [281,
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HohIs [29], Harting [30], Durie [31], and Tilton and Plyler [32]. The deviation

method, though the oldest, is often considered as the most accurate; less ac-

curate data can be obtained by the interference method. Due to the high ab-

sorption in the low uv and near IR at the end of transparent region, the devi-

ation method and interferometry cannot be used. Refractive indices are obtained

either by measuring transmission of thin films or by theoretical analysis of

the reflection spectra from the bulk material.

Li [33] reduced the experimentally measurd data then available to a

common emperature of 293 K and after careful analysis generated a Sellmeier

type formula representing the refractive index of LiF at 293 K in the spectral

region from 0.10 to 11.0 pm,

0.92549 X + 6.96747 X
2  

(21)n = 1+ + (1

A
2 

- (0.07376)2 X
2 

- (32.79)2

where X is in units of vm.

Investigations of absorption coefficient for practical applications are

generally classified into three wavelength regions: the ultraviolet and the

infrared limits of transparent regions, and the transparent regions. In the

ultraviolet limit, the motivation of the researches was to investigate the

exciton states in the crystal and te determine the Urbach-rule parameters at

the absorption edge.

Kato [34] determined absorption coefficients in the wavelength range from

0.09 to 0.19 Pm by applying the Kramers-Kronig relation to the observed reflec-

tion spectra of bulk crystal. The peak position of the fundamental band was

determined to be at 0.0976 t 0.0008 wm where the corresponding absorption coef-

ficient was found to be 2.2 ± 0.1 x 106 cm
-
1. In the investigation of the

effects of hydrolysis on the absorption coefficient, crystals grown in air

were studied. It was found that absorption near 2.8 um was due to the vibra-

tion of O-H bond and in addition it gave a broader absorption at the tail of

the fundamental band. Roessler and Walker [35] reported absorption index in

the wavelength region from 0.0443 to 0.248 Om. The absorption coe~ficient

was derived from the near normal reflection spectra of freshly cleaved crystal

by Kramers-Kronig analysis. Since any defects or surface contamination tend

to decrease the sharpness of uv reflectance structure, the reflection spectra

from surfaces showing highest reflectance at structure peaks were selected for

their analysis to assure minimum surface contamination and defects.
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Schneider [28] determined absorption coefficient (in the wavelength region

from 0.11 to 0.16 Us'.) directly through measurements of transmissions of plate

specimens of various thickness. The crystals used are believed to be of high

purity and quality polished, as evidenced by higher transmission at short wave-

length, 0.11 pm. It was noted that the main factor of decreased transmission

was due to the deposits as a result of chemical reaction of the surface with

moisture.

Gorlich et al. [36] investigated crystals grown by both of the Bridgman

and Kyropoulos methods. Absorption spectra in the wavelength range from 0.20

to 0.79 pm were measured for both crystals. Although impurity contents and

concentrations had no spectroscopically detectable difference, the crystal

grown in air showed much higher absorption coefficients in the region 0.2 to

0.4 um than that grown in vacuum, particularly steeply rising toward 0.2 Jrm.

In addition, absorption bands in the range between 2.6 to 2.8 Jim were observed

in air grown crystals but not in vacuum grown ones. This observation is con-

sistent with the results of Kato [34], the extinction of crystals grown in air

is chiefly composed of the scattering of light by the microscopic irregular-

ities of the crystalline structure and of the absorption of the additionally

incorporated OH or oxygen ions. Gyulai [27] reported absorption coefficients

in the region between 0.18 and 0.40 pm for a crystal grown by the Kyropoulos

method. Owing to the differences in impurity contents and defects, the absorp-

tion spectrum showed different profile from that of Gorlich et al. [36]. How-

ever, both reported weak selective absorption bands between 0.25 and 0.30 pm

where the F center is located. Tomiki and Miyata [37] measured absorption

coefficients in the Urbach tail region at four temperatures, from 300 to 573 K.

They found the tail at 300 K was extrinsic. Based on the data at three higher

temperatures, it was possible to find the following parameters:

E0 = 13.00 eV,

O° = 1.0 x ilO1 cm- ,

hf - 0.23 meV,

and

Oso - 0.70,

for the equations representing the intrinsic absorption in the tail region:

-O s(T)(Eo-E)/kT
cd,)= ne (22)i a(ET) 0
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and

a 0 2kT tanh h

s so hf 2kT

Measurements of absorption coefficient for the infrared region were made

for the purpose of studying the optically active lattice vibrations and funda-

mental resonant frequencies. On the short wavelength side of the fundamental

absorption band, multiphonon absorption, in which a photon is absorbed and

two or more phonons are cenerated, can occur and lead to absorption coefficients

that range from 10
-
3 cm

-  
t_ 102 c_

-1
, depending on the number of phonons

generated.

Jasperse et al. [22] made self-consistent measurements of the infrared

reflectivity for a wide temperature range from 7.5 to 1060 K. The absorption

index was computed by using a two-resonance damped oscillator model. Through

the classical pole-fit procedures, by assuming the optical dielectric constant

to be temperature independent, they were able to establish the temperature

dependence of the resonant frequencies, the damping factors, and the oscillator

strengths.

Barker (381 studied the multiphonon infrared absorption by samples of

crystalline and molten LiF at temperatures between 300 and 1160 K (melting

temperature 1115 K). It was found that the absorption behavior of the molten

salt could be closely predicted from the absorption behavior of the solid as

if there was no phase transition occurring. The observed relatively small

change during the phase transition from solid to liquid implies that at least

the high frequency limit of the vibrational spectra are approximately the same

in the solid and liquid phases close to the melting point. However, at tem-

peratures from 10-30 K higher than the melting point, the absorption coefficient

decreased noticeably and the static dielectric constant changed from 10.76

to 7.84 [391.

Kachare et al. [40] determined the absorption coefficient by a Kramers-

Kronig analysis of the reflection spectra. The reflection spectra were mea-

sured accurately, particularly in the difficult minimum reflection region.

It was concluded that the classic dispersion analysis could not provide reliable

values of optical constants for highly anharmonic crystals while the KK analysis

could, but required reliable reflectivity data.
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Deutsch (12], using a differential technique with a dual beam spectrometer,

measured the absorption coefficient for the wavelength range from 4.3 to 7.0 pm

at room temperature. It was found that these data could be represented by

an exponential relation as:

a o exp (-v/v0) (23)

where a = 21,317 cm
-
1 and v = 153.2 cm

- I
, according to Deutsch. Klier [41]

reported the absorption index in the wavelength range between 5.4 and 14.7 pm.

Hohl [29] also reported the absorption index in the range between 4.5 and

15.7 pm. Hohl's values agreed with Klier's in general except that Hohl's mea-

surements showed distinct structure features in the wavelength region beyond

13 Vim. In the region from 5 to 11 pm the results of Hohl and Klier agree well

with Deutsch's exponential relation, Eq. (23).

Owens [42] measured absorption coefficient at three wavelengths in the

millimeter-wave region. Combined with the measurements of other investigations,

Owens observed that the extinction coefficient decreased with increasing wave-

length and approached a constant value of about I x 1O
-
4 below I GHz. The

origin of this constant background loss, which appeared to be independent of

temperature, is unknown. It may be due to imperfections in the crystal. Stolen

and Dransfeld (431 measured absorption at a wavelength 320 pm between 200 and

425 K. It was found that the absorption increases as a quadratic function of

temperature.

Figures 3 to 6 are plots of the available data. The pertinent information

of each data source and the corresponding original values are given in Tables

3 to 6. In addition, available information and data on the reflectivity and

transmission are also presented in a similar manner (in Figures 7 and 8 and

Tables 7 to 10) for completeness and comparison. For the visible and near

visible regions, Table 11 gives the spectral positions of the well-known color

centers. Noticeable absorptions are likely to occur at these centers when the

crystal is exposed to ultraviolet or x-ray radiation.

Recommended values given in Table 12 were calculated according to Lo. (23).

In the range between 4.37 and 7 jim, these values are supported by the measure-

ments of Deutsch. It appears that LiF has a high intrinsic absorption coef-

ficient in this region. However, if Eq. (23) holds in the range below 3.9 Jm,

we can see the intrinsic absorption a3effhcients in this region are lower than
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10
-
4 cm

-
'. There is an absorption band in the range between 2.6 to 2.8 pm

which owes its origin to the inclusion of hvdroxyl ions. This absorption band

is diminished in vacuum grown crystals, It should be noted that the values

in the column "intrinsic" are the lowest limits that one can obtain for ideal

samples. In prsctice, the observed values are generally higher than the limit-

ing values. Unless values appear in the column "observed," the limiting values

should be considered as guidelines for estimation and investigation.

Although it was not the aim of this investigation t, compile and evaluate

the absorption data in the vacuum ultraviolet region, this was donu to previde

the users a total picture of the available absorption data. The plot of selected

curves in this region is given in the Appendix of this revfrt.
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6I
10

Data
Set No. Symbol T,K Ref.

IQ 8 El 298 [34]
9 0 298 [341

10 A 298 p34]
11 + 390 [36.
12 X 390 [361

10 14 0 293 j27[
16 + 293 [281
18 x 300 [351

49 Z 298.3 [371

50 Y 437 [37]
10 51 x 510 371

52 K 573 [37]
53 X 300 [37]
54 1 300 171
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Figure 4. Absorption Coefficient of Lithium Fluoiid,, in the Urbach Tail Region
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Data
40 Set No. Symbol T,K Ref.

15 0 293 [29]
19 e 77 [41]
20 A 195 [41]
21 + 293 [41]

3 22 x 573 [41]26 300 [38]

27 + 705 [38]
28 x 835 [38]
29 Z 975 [38]
30 Y 1160 [381

10 31 x 300 [12]34 X 300 [401
35 80 [401

S36 I 20 [401
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Figure 5. Absorption Coefficient of Lithium Fluoride in the Multiphonon Region



TAR'LE 3. St;-ARY OF 2~.SllTSSON I III: AI;S0IJOPTI0N COL I lN of Lim:IU l71tiRID!X,v v r ,odi)

Sot . A*tnr(s) Yr Xetjo Tprair Sptci: iita:s .-.r.e : rks

.. a sdc- Range. K

1 22 .tses.J.R., 1966 R 100-588 7.5 Ili':h purity; sin~lc crvst.1l- h-si rolisliti until c-ticallv
iahan, A. , flat to .iboti 112 wjvclcj, ti of thic in an Nodiui D ice-s;:ii

PiendlX, and nealed in a vacvuum fornari for two days at a tCrperaturc of
)titras, S. ab~ot 3/4 of the -It ting te, icrztorv of t~ic cryutal; i e.ir nar-

neil (aver.i.;,dsho 11 dtelrvv ) reilcetivitles in til, pvcral
raii~o froes 12.5 LL, 50 .... !'L , C.. c-~h e:p.ing pcral re-
fleuinces .ro., the ai. ! nd fr3, in, .ela1ri:iceZd -.i rcd- Ithi
reflect lvi ty in tlei, ee car~l re: io:, :es,!r ceej i. rat X;re-
flctivIty data wre checked -N.tri! ti,- for lifrn: -- is7,
pits -.nd for Several cycles of :,itmg i;:nd roolin: -nJ repro-
dose-d to within :1 to !2

7
.l the reflection spectra were ana-

lyeed by -iis of a two-rcsonant. da..pcd-osc iilater madel;
,.berption coefficients wore cal,-latld Ivon the, rcs-Ating
equat ions.

2 2 2 2 j~rc .k., c al. 1966 R 100-588 85 Sane ;,S above.

3 22 .; .1., et a I. 1906 R 100-588 295 Sinme as above.

4 22 Jaspers,J i. .,ec alI. 1966 R 100-538 420 Saiie as above.

5 22 ices. rs, JI .1. aE
1

-. 196(6 R 100-588 605 S-s, c abcve.

6 22 Jae ,e IR. , et a I. 19C.6 R 100-583 640 Saic O above.

7 22 .tersc, J.R., etc al. 1966 R 100-588 1040 S.a 's."So-'.

8 34 Ka~to, 8. 1961 R 9.6xe13'-1. ilO 296 Hgh pliitv ; einglvers:l; e. y t,
,rial (15 &decres inciie::t .02.101 r-f lectivity C!:116
.. r,-Kconig reid iO: &I i i- to dcr is- t!,, o o.-1

stits n an:d C, from 0i, reflvctivity; data, -Erart'i f'r
f i) urr.

9 34 Kate. 0 1961 R 6.4.10'-9. 6.10' 298 SR- i- bovu lit sisl o ir dvt:iils at the tail of fe%!el -r ,at
bied: .bsorption-.-.fficli-it Iita. e-traet-' frumaf...r,

10 3. Rie . 1961 F. 5. OsO-.sO298 6 e--i tar Z.dis i,-' ll-JLt 1---,eC fil iht I' "o; oll.i- firo

11 36 lZrblet, P.,* 1963 T l.8SlO 1'-4.94xt0' 390 Sio-Ic ;ivet 'It; )J ." by eiS '*it (in ir
hars*Hi., and i -ii-e of .I, hr. ni , m,, Ii, - -2 t

K6itZ .ceIieitr..Lcais cal.;~tto Ii. Iotion 10 *-O -vil

chait Li vxetrartid fro-, . fl-ire.

12 36 C.6r1ch. P.. cC at. 1963 T 2.68.,10'-4.72,s10- 390 Siniltar to ibovce-ipt for vystail i ren by Cl:,hil.n

-~ Or.___ . .



TAI2:.E 3. SU.ltNKY W3 NI\ASbLN! ;Is OX li. AMIthPTt:Ic) COLVillt.'I 0 I 11 hUM YIA MIIM. (Wt.te-.!-r 3pnJ, iec) (.~liied)

No. cm,

13 36 Girih P., 1563 T 3.54.103-3.BlxlO' 300 Siiljar to bccc for .t gu rowt by tic IKYrO;oelos (i. our)

IKarras, H.,* and m~tlid and ncv-,ir 3f or iiiiraro A , two. wh~r 0! tie I 4c

Kotftz, G. grown by tOW rc131:.an (in vacuum) s owing no absirytlooi.

14 27 Gyitlal. 8. 1927 T 3.2m1Ot-5.4nlO' 293 Single crysr.il; -rown km the Kyro)pot)osneot"d; pl.to or-cl-
men of 1. 4 - thik 4 i kei Lrrd h%

S:.akjla for the -iaLir .t~ C.tra-tcd fr., a 1 .rc; tz-r

attire not 'p-ifivd, 293 K -sed.

15 29 11ob~s, FLU. 1936 T 6.34xl02-2.23xiCi 293 Crystal; grown by the- Kyrn'niilos r,.etoad; 14 plalt. s ,--nis
of thick~nesses fro-i 0.008 va to 10.!13 i--; -hi..erp 'on ioeffi-

cients dirreCtly dctoretinc.: lit., extrau td fron .. fitare;

tcit~traltur not sp cifit-d, 293 K.sitc.

16 28 Schneider, E.G. 1936 T 6.25n10'-8.93iil 293 111gh purity; single crystail; grown by the rdzr
plite spec mos of thickness fro- 0.5 Lo 2.S;,19 t 0

coofficicnILs directly detcrnined; data osceacted ri:. a
figure.

Ii 1.4 .Wirc . J.L. 19721 T I eOl0:O10 llizti purity; sinjnif cryst.-! ; obt.in-d frim the :r
Ch , Poal CO.; pleL spcin libtij ui ;'' .
.nd 0.8 en -dn nee~itclly ulei;c-i.iC.
Iitcsittcs -c reard ; zakuouuptioa f--i c-u i u r w1Ih
tic iid of refract joe index cliitdfrc, a (!i.-.'esjiit
fnrciila; abmr;tion-cocfficiesnt data cetreited (--osa i-r-

ostineited uncerlainLy b~ouut 102 except at long WuIvcl-rngth end
where 100Z itncrt-ututy cnclated.

18 35 Foessler, 0.91. and 1967 R 9.47s10'-2.02n10T 300 SOngle crystail; obtainedJ free thev lirshaw Chi, ici. Co.;

Walker, 1.C. freshly rlhuned specir-,'as; iubsorptiori coe-ffii ntol. te 0

fromaKranlers-Kronlg anajlysis of e soti .. iii-u lecl

nea.r nor, i reflect ion spctr.,; d.an. extract- from, a 'oc.

19 41 KIcc. M1. 1958 P 6.79e1.0'-l.83IO
3
' 77 Crytil; abstrptiott-cofflrrn dAta di'duce fror refl,- .;'LC

and tr.insmittnnce,030casr,-tS an specime-ns of varies tcs

messes da1ta cotracted tie,, a figu re.

20 41 Klier, 91. 10 5R f 7.71,10-1.83.10' 195 S.-ame oaboive.

2'1 41 Fller, M. 1153 ftR 0m0~.~z~ 293 5."ic as. above.

22 41 K Iiter. M. I'5M K 7.28,sl0--l.83sl0i 573 Sine asiluo-i.

23 !.l 911,r, M. I'58 72.7-!91 77 Cry:tal ; uaite sq, A-1tru .uuii~tinn roiflicliunt fiin ..

Lr.,ii-L;,t.inet vw ...iiiriunt s ald-1 .iuttI r., Iirite; I -

fleet inity cstii-itid by ossniiino n -3.07 for the whole i.-is-

leottl range; data s-stractwd from a figure; ext i-iacd nu'ir-

tatoty about 5 to 102.

24 41 lier, It. 19538 f 29-191 293 Si.e as above.



3AiLL 3. 442 LIAY OF ~:S42.~SON T111 ALiSON,'FlON CU12rCIUNT OF .l~i~ FLUORIVIl: (iviunLvr Iiepcndcncu) (cort .i.j)

S't .~Ue Rne uhr~) ~clo Wvna,br n rt~ Specifications and4 Re;,ra

25 43 Klier. Mn. 1958 R 29-193 573 Same as above.

26 38 Barker, A.J. 1972 ft 1.19xl0'-l.95xl0s 300 Synthetic crystal; high purity; iiighly polishvda s,,cimen of
1-2 mmn chick; absoiption Coeff.CLCats J,,ca.,d fro vosu.re-
ments of reflectivity obtained u.inr the .bscurvd-airror
technique; absorptior.-cocificit-at data c~tractcd from a
figure.

27 3.8 L.,rkcr, A.J. 1972 R l.34xjO'-2.O~xl0' 705 Similar to above but at a highe-r te-.,rature.

28 38 Barker, A.J. 1912 R 1.39.101-2.1.101 8]w5 Similar to above but at a higher tempt-rature.

29 38 'Larkcr, A.J. 1972 It 1.43s1&'-2.35xl0' 975 Similer to above but at a iZhecr tcnror.it.-re.

30 33 &arke-r, A.,]. 1972 ft 1.59.10'-2.4.10' 1160 Molt- T ..pcci-nn of 1-2 nim thirk; reflectivity i.-strt-
ments carried out in a 1;irgc in%-rt a s .itn-p~iav;e ortu
coefficients deduced from ref lcecn pectrn; ab-r.Mtio--
co~fficicnit data extracted fro-i a ~ir:-I.tinj- tt.,yritote
of IAF is 11M5.

31 12 D-tsch, T.F. 1973 D l.S,4s10'-2.3lxl1 300 Single crystal; obt;.incd fromt iarCa.l.c-c.,l Co .;';.ei-(
of 2.5 cm diauneter .%nd 2.5 -t low-; difftc.nt i-n t-bntq.,
uscd to 6etecatifl shsorpt ion-cu, fjl~ac.it diat., etract-a c

a figure.

32 4Q Gwina, J1. 1968 L 2.53.10-'-3.4 298 SintiI cryotals; olitained froret, . 2< , o Ic-J-
cylindier shaped specit-~en; fflltd rc-.,nt cavity e. thod tised
for rewasuring dielectric constan't annd loss tainpent: ,I-<rp-

t ion coficient then detertcined; data extr--ted trot a
figure.ov

h ~ 9 .' * D 971 ft I .OtlO
2

7. 3~d 175 r -- lt; higii I-rity; obt. itt-i fc,01 Mi !Atd. ; e...ru-rr-l33 39 '7-d D. 974 1.010-73,10 1175 refit-ct ion :.pi- (run obtA to-'; bth.or;ctit'n ct-1I
5 
itt tht.,it-d

by the Kra:,ers-Kronig and cl.-ical oscillintor antlyc.is; daita
extraicted fromna snootl curve.

34. 4D K.-ha. A.,* 1974 F 7.71iO-1. 16.10' 300 Sing le crystal ; pol islid ind nutld;to.r nor-., refl-ct le
Mnia,., nd spvc~crun obtain~d; ib-~rpt in ec-vif cii-at ,Jt,J fcc., r 5-

xl ...:n . flectjion pcte by tl,, Mir..r:r.Ko.i alss datacc
teted froa a figure.

35 g Ka,.isarv. A., it .ca. 1974 Rt so~Li .2t0 bilt~ir, to above hot ;it a I,,or t,r;c. tre.

Ii, 4L) KL-ehale. A.,* cc i. 19J74 R 7. 19.xlO-1.1ialO' 0fi to above but at a 1,wr ts-t r.,garc

37 45 VEldrldipe. J. t. 19;2 1 75-' 78 61 littorl iAF crystails oibt.iitd fro.t thte it--ito. Lli-.ira
1

Mc
scittof I s 2.5 ,s with, tl,-.,,-ic cc ft,.i .02id to

0. m.tt reli.,tnicallv pelitmiud; h.trl -acsefic,et. oa-

tai1 -4 frion t tr.issi sinot.:o-r. -t;., ext ractd fa-. n,

o re.



TABLE 3. SLI(HARY Oi 1FASURL'ENTS ON THE ABSORPiTON COEFFICIENT OF LITHIUM FLUORIDE (Vare.aucber Dependeece) (continued)

• 'D ,' a .... ...... WaveliumberRef. Author(s) Year Meaee Sr'cifiratlons ar,d RehTarks

NO. Used Range, K

38 45 Eldridge, J.E. 1972 1 70-292 77 Same as above.

39 45 Eldridge. J.E. 1972 I 29-149 300 Same as above.

40 46 Heilvsann. C. 1958 R 277-667 293 Single crystal; absorption coefficicats determined from the
reflectivity measurements from the pelarized light at 20* and
70" incident angle; data extracted from a figure.

4.1 46 Heilmann, G. 1958 R 27i-cl23 573 Same as above.

'2 46 H.ilmann, G. 1958 R 277-667 873 Same as above.

43 47 Cerzel, L. and 1956 T 8.6-147 298 LIF crystal; plate specimens of !45 m.r, 72S I= and ".1
Klier. N. thick; absorption coefficients determined based on transmis-

slo:i nel r.-<ts; ..ra extracted fro., a i,'-.

44 .8 Fr~hlich, D. 1962 R 264-431 300.0 Tin vaporated fin scci,cas of 2 to S . ti;i; zlbiet,'ti2
coefficients determined from reflectivity r..aure.-.:s; Ceta

extracted fron a figure.

.5 49 Frhlich, D. 1964 R 271-357 70 Single crystals; thin plate specimens; absorption coefficients
determined from reflectivity measurements; data e\tracted
frn a figure.

-6 "9 Frcl ich, D. 1964 R 263-362 200 Same as above.

a;7 49 Frchlich, D. 1964 R 263-364 300 Same as above.

48 50 Segur, G. znd 1962 T 10-33 298 Single crystals; plate specl-cs of 3, 6, 15, -ad 30 :!i thic;
Ccuel. L. absorption deteteitid Lro, trarm;isuon rl-suremoat-; d.:a

,x.; -:ctd fce- . 'ue

49 W T-ikl. T. and 1969 z 9 .1 x10 -9.8xlO* 298.5 Single crystal; ultraviolht qua.lity i.. t7 :i.rs:.- ical
Miyata. T. Co.; freshly clcaved srecim.ns for b .ornt.. tc.'.:1.,-:

below 100 cn
1 
; specirc-s for h!i. ier .ibstii.. *.yaa n

high v-.uum by melting the flakes of cry:.-ls beesu two
plaLcs of glassy carbon and pressed; re!.ction tra..
soIne .ectra obtaiiiiid .:nd bsorpt ion cc.-, "c i at Itc r~iueJ;
data extracted from a figure.

50 37 Toikt, 1. and 1969 Z 8.6x10'-9.4.10' 437 Sane as above.
iyata. T.

51 37 Tomnki. T. and 1969 Z 8.5x10'-9.3.10' 510 Same as above.
:% I. T.

52 37 To ikl, T. and 1969 2 8.5xlO-9.2x10' 573 SacO as above.
M1y..ta, T'.

t '



TABLE 3. S 'fiR¥ OF MEASUkLM4E-TS O% TdE ASSORPTION CO&E ICIF.T OF LITHIUM FLUORIDE (1avenumber Dependence) (continucd)

fla a Wavenumber.)a& Rf. ear N'todTeltpe rat ure

Set Author(s) Year .ethod R.nie Specifications and Reark
No. Used Range. K-NO. c

. '

53 37 Tomtki, T. and 1969 Z 5.3xlO-9.7x10' 300 Above specinen except aged for two weeas,

Miyata, T.

54 37 Tomiki, T. and 1969 7. 7.9x1lO-9.8xlO 300 Similar to above except sample aged (ar one week.

Kiyata. T.

a-.- ~ __________



TABLE 4. EXtIENA ATA ON ThE ABSORPTION COEETICIENT OF U17hIUY FLrORIDE (Wavenumber Dependence)

-operacure. T, K; Aosorpzioi: Coefficient. a, cmC1

DATA SET 1 DATA S..T z DATA S:1 3 DATA GET 4. DATA StT 5 3514 SIT t,

i odi* .itrt3 i.i~. .1;. A.Si46.e-E3 5.834t'2 7. .3L'3 5.tset2'Z 
6
.bij-*J J.33c&e 4....E'

S.~i~67,. .403'A 0.5t3t163 S.Zo5te'2 9.4t(ii3 S.26S3:'2 S.Z~bEt3 S.Zt.*2 S.1S5,.3 t. siL' -C5,*3

Z.Cr' ..- S' .. A 9.43303. 4.i.~E'2 9.:..'E' 4.7,.!'! 9.332E'.* 4..a..&.2 .2:. 4..7 62.2 i.tSUwf

L ~ , t . - i ' 3 . 1 ,:3 1 . .3 r + 4 3 4 . 7 E - ! . Z 5 47 ' 3 . .; .6 E 0 1 . , i E I 4 .o i 2 . 3 I C S . i v. '* i . i jE 3 + %
:. . ist - --T~' .. J-LC 2 Z . 9C . Fa-! ' .c. 36E4 1. ?'-E+2 i..5 .'4* 3. 'L c2 Z.16~ I .1. * 1.25 !2'

-.it.3 3c t.l~ ., '.-- 2 .. 3'I,,* 3 4...-2' 2.,.37E*4 3 ..-. 5E' 1.465:'. 3...d&I 4.~d. 4.- t.ic2 1.'g,1:*4

S1+4' S.c7L4: *2 -3. 3.c* 3.32v 2 1 3 .37. .!2 i. cti'q 3. tiA L. S14e 7*~t 1.55E4

9.3:.. 3...'?..S2* 3.cS?i'2 2.,6iE4 
3

...5
7
c+2 i.Et 3.2 .2' 2 1.61-2.4 4.,5 t#2 #..

tfl, 3. ,3E#Z e.c7. C.~c* 33i4 3.3!' .3273.' £.2..E2- iJ-31,12- 4.3-'-
-c:'2 -i,2* 3J. ' .3S.. 3.i39vi'c- 2.ifE#. 3.29tL#c 2.3564+'' 3.22.!'?2 1.di.:*.- 3.Zt' 1. :.*-

1 3 *3 73.E.4 3 .2c. 6J'* .e ! .. 3.Z!'!. 2.3S.E 4 3.215r 2 2 .35,. 3.2.3E*? 1.9:1.' 3.25 . . 1- -4
J..' .. eflL'. 3..:*I2 4 3:, 3.3Z..'2Z 2 .9.9!'. 3.236i' E2.4 " 3.2 5:'?* 1.95.' 2.2.c* -,#

M3 '2 .2,*' 3...S4c.2 .. 24.t 3. &e7VZ23...1Eo4. 3,145!'! c.ZZJL". 3.219c#2 zi. ~... 3. c ~
.s!*, 3.2+4 .7:' 3.Z57E+2 3.0.7!". 3.17?,' Z.a,i:'' J.25 :'2 1 .6.3, 2.6 .4 .5-34.,~.: c 1.Z.2 ... ~.' ,~ *. 3. 7 ;6 E 23.7.8r- 3.13.E'2 i.2 . 3 ;#4 Z.1Z- E'*2 1.9a5:: #. 3.1, c .. t. s '

1- .ZS2 3.. 7.? L .?S'2*L 3 155! -z.. 2.;?;!. 3 2 ..65!. 2.356:. 3.1 IZ z -2 1 . Si- # 3 p;''. .,-!:
'..3, '4 Z.±3' 3.S.* 8.L T- 3Z E. 32 2 t.E3+4 3.213SE # 2.356Z:'% 3.i L.*2 1.4?1# . 5. :i.!

.,- '2 1. 3,.1L 3.1i.5L Z 4.9j33... 3. z9 E tZ 32 9, . 3. 2.65:s-, 2.54&5E+4 3.249'.:'? 1 . 94 -3:'?1.'3

E+' 1. 145-' * 2 i,:' .. !e -z.3 S.1* 5E! 2.3:3!''. 3. :3.,:s2Z 2.43' 31# S. 19 3'.#Z 1. 4- '.E". 3.. 3.L 2 1.Snv7.'.4

5-?* #: Z.sllt#i d.Li, -2 3 J.7.41f 3.7:3, 2 212*3 3.;. 3:' '.41k6E' 3.7.3:' 02 1.9; 3.e:2 ,.

'.cZ' 51 i..3 2.,,' Qi-.:' 2.222!'!Z '.6,41!! 3.!?!'?z B.3c9E-? 2.22!'? 1.91- '32#c4!z95'
L5.-.e 25.7' .!.?35~' ?...CE'2 2.6!' .. i~'?498t' .1Z 9.41S:* t. 3..'...?Z 1.74S

*.13.7- '2 .3.s - .s,' #357.' 31.,?! 3.23E24?4 3 13S.o2 2..S'.2*2 3 l.tI) t2 '.Z5S. 9 .. of.* -BSEo6 4

":+ZZ..,IE- Z Z Z.,J3 R 3 .. O!*t- £.Z-EiBE 3.6 126'?2 6.ji1 ± .9 0iZ. 1.aliaL '2 i. 2C' .5 39z ?

o1 _ _7 _ _ -2 ?-2L2I 9L, 2 .,:; -



TABLE 4. EXPEIt'EtAL DATA ON MhE ABSORTO! COEFFICIENT OF 1.1-12 FLU!ORIDE ( avenumber Dependence) (coaitiau.ed)

3.818 S-T 7 DJATA SEA 8 Q1ATA SET S(CONT.1 DATA SET Iu(CONT.) DATA SET 13tCO!4f.1 i).A SET _,1CG.N.)

' 7. a. E3 ;...9 ' -- 5 3.i - 6.86E.. 3.L,44-1 2 . ~'% fiS6.52L. 3. 1.3L+3 Z.7-- 3.53.c#d Z.*flE3

i.. ~ . 3 .!... 3 .o' 5-1-L46IT1. Z. .3E,.4 5.5~.E-2 3. 747i#3 2.99.-.!

*... s 1.2b32'o T Z9$.u Z.33i' 9 Z. 3%.E-Z 3.?31I.*3 3.

3~**~*~*~*3~** *.. 1E5 I.o~~ 1.5L. .523 192'. S...E-'e 3.71e Is3 5.4~' .2E*

3. 6.*2 2.3 ,2 4'14 E. #bS~ 1 .7;+ 1.0L- 3.?.,L*J i.. - . S..s 7 *' j.-?w4

71~* ~* ~2 4.r 7.855E+4 .. BE~l T1.
9
E#4 3.*1EE* 5..234-4:.I.

3 . .? Z -** 8L 46vf . 34 E 7 . L- 4 I4.# 1...' .6 e. -. 1. i.OL
3..~7i.~I;-33. 1 .5 7'c. .5bLL*4 5..2E*1 .. 27,.Z1.- j.%7z... ~ .. 7'+ .44io

.er.9' .. c~. .3.jc.o ?-.i*.. 1..i..E#1 DAT SE 12 . 3.47ij't43 .z....', Z...* b.3. 60
.2 . c . *. 4.36, o7_ 5. v.,3.t* 7~.5E.4 Z.26, E21 37 . 39.u .. 1- .%o q 6 9.4.3:,..

#i7721;+ I.%* . 2..UL t 65J) b.3 5 t.3,6E-G .. E*. 2. ;781.2 Z.47'.'43 a .. ' -c *3-..3~.-

35 6. t13? #2 4.. G. E#.o~' 5.815 . I. 34. E- 3 .672t*.3 9. Ll -_-23. # t. 3. UE.3-

3,7t.,2-E* IL 6 23. 52E'.1.I- 3 K.z .3 .( i. (.,4.3,.1
7,5 *jj+ . E3 4, 

3 2 
.5 E* 1. ..f.-3 3. E31243 4.aL L1 - '-

, .- 34. 4 ,F3'-' ' . 53 .5 b-aT. S4 11.;E 2.4. 3 681t-4 . 3.655~j .3 I- 3.F 7!-, .. 1 -
9 ,* . .:.3z-4 B.,.56E*4 5.I.S 3. . 3

3
.4-j.J .1 3.t%7L43 -56- r~t.#

~~5i9* sc.t,4. ' 9l. *8.* 13.LE 3 .tL9*J 3!).75144 322

I .3.72*3 DAT 37T 94 S..c* .4b7*. .53E# .4~33.. 3.4-+9~3 5.7c ,..2 3.z'. L* Q.sac;L~ 2.. . ,~* * *..~.. .3512. L5cE-t j 33 .Z 54.,~3Z~2 -. .J.' .3..-

~ 2.3'~2 .5.. '4 7 j4 3.8.a3',2.~2.c1 . ?T.t*J?.b.022 .ij'L3 S.C60-i .3..*

3.C3 L43 4. ::- 3. 30E 3 5. , .- i

-21L4 4. 3r4Oa4SO I 56tE33AF Z

/.JL JI Lt - .43z 3916 - 1 .

- *.--*--.-----..-.-----..-,-----3.619,03__



TABLE .EPERIMENTAL DATA ON THE ABSORPTION C0ZFFICIE-NT OF LITHIUM FLUORIDE (Wavenumber Dependence) (continued)

v a v 3 V) a V 3

ZATZA SET 513.l D -.A SET ;.atCQtfT. DATA SET £8 DATA SET IS CCONT.) DATA SET 16(CCNT.3 I ATA SET 19 (COT .1

G. .33. ''A 7.48... .4~t11.16SE#5 1_87kL#6 A .655E*5 i.725E46 4.%Z* £2nZ2. SatA'1

9. wic b. 2 E5. 7.,Z.:*'4 3 .U;LLt-. 9.b77E-. 1.33iE*5 i.~5' J.67E*6 1.So0itS 1.639E 6 -)..S3ccZ Z. 85:6*1I
a -Ctn 9.,..* 7 .;53z* i. 5-Ei-i 9.a83 4E-4 2 .6..E*5 1.4,.c,05 1..7Z6*b i.i7:.* 2.1 zC s.I e Ic. 3 .

6
2

7
LC*-I

A.S3t* Z .. Jc 6.no0.41 A.d .t -1 9.73z '4 5 .86,E-5 1.234.-5. -8-5.-cA AddS.ni- I.3ig5a 8.5Z4L#6 5.cn1

6.c,,.* .O' ' 3..c." 6.J.1,; -1 A.4-b66+6 2. 2E* 1.it,6'S 9.z7tE5 a..;..* 9-3-4. J.. .t 7...E

...d22.1.ci 1..Z.E+5 2.bt7E'6b ;. Z74Lt5 7.,&cE.5 1. 9356.5 1.022*0 d.e 32E&2 1. 23 6..Z2
7.,ic2.d5 E*2 3DATA SAT i7 ..

2
4E-5 2.819E#6 I.ZSZE'S t..7666'S A.976:.t5 7.657i*5 7.6c46#2 £DS~

7.699-.5 2., * T ;.D :3 ~ 2.5 3S.6 1.29:.c*5 t.n.,6E'5 2.016E*5 5.SZTE*5 7.714.-L2 A.'i3ac.
/~~~~~~ .n.j e:' 0..cn 1.J:* iti .291E +5 b.4363:.5 7..:c .E&*2

7. ~n 2.-Z' 2.i 1~ .42.--- 1. C zei*5 2 .tt6 A.3ntof,*5 C.. 64 DATA SET 19 7.eisq-t'e ;..SzE.e
7. 7,n.t c.ul .. 5:.*2 .n37*+J 1. 44:.i5 Z.48.. 6 1.323& 5 6.6,Sc'5 TI 77.47AS' 1.575E*2
7.t93 E Z.2.3?SE'd Z.9.4E+2 -. 3.5tta 1.0465 2.323E-6 I1.3636'S a.. 5.E'5 7..27LtZ*i .77.E#2

i. :~ .J.,Ei' .uc 3.54!L+3 1...U~2.12.6 1.316E#5 8.9.16*5 A.RS:.*3.1.2 6ioA i..c.*E*2
7

.nS-)z -j c.4lj -2 2 .ld3L+Z c .Sil'3 :.OLbE*E 2.d 3E'6 ..-.26'5 9..69-;p5 1 . 7.e--+s c.393 :. a.7936.2Z 2.4176.*2
T.65;e .1.c e .3a,2 1.l O 1.156; IS :.d93E~6 1.LI' 9.39-3:+5 1.A8xE.3 1.QI -

7.5.. 76.cZ 2. 9?ic ct. sinw *2 1 .uS.4 1.&I'5 1.772E+6 L.1E ti 19.275 E.-5 1.: 6I;c' A . 35 a 0.A SET 2E.

7 . 7i:4 Z.To 2.ouc2 .. ,.,nc:+*3 1.6..5.5 L.6-.E*6 E.'2?i 9.S32765 1.54j5*3 3.n.i T 3.
7. ' ~.5 ,:c ?.77'.Qf2 7.1 35t -i A -bi. .77E*6 x. .nL,5 8. 75cE5 L.1 lE'3 .. Sbn.

'.':.7i'E. 5~5:d e77' ~lcA 113' i.Jbtc*6 1.4766*5 6.3'.5E.5 &.%889+3 -.7 3:.1 1.32iE'S 5.756E-2
7 -Si' 2 z1712 d.?.c- 5i2 .i376-1 .DEa.'E* .. % 5525 l..736. 7.. lnJ5.LA

.is.:' Z~~* . ,: +2 3.671L-1. A.D5Ac.5 IA.145Eii6o 1. 6 .5 8t. 2,'SE'S 1.6.E3 o.2e' -± i c775..* 1.Gi3260

n ..Si ~. .. it 22 .n 2 c3.d-± A. 06 5 1 9..In4'E I .,9Z3L 5 9.49S I. .5 1 ~ .J #3 42a. *-l IS . An .31.UEL

Z..ii..3..AS .. -2 1.577L-1 1.257c
5
i 6.Z-92cn5 A.tA3E*5 1.11c6*6 1.27?i*3 3.2,7i-4, n5*3S4n~

o34 9: 4- %.t.AE*3 i.39,c'2 t.SSALfL 1.161E*S 5.9485*5 1.t53E+*51.351.-b 1.Z5it'3 3.773w~ * 1 36itS 1.4235E-

2. 3c -2 I..c- 1. '.. . , -.631t5 I1.oi.E 65 1.55-L-6 i.235E*3 -. 352L *1. 1,.37.; #s .. 6.26E #;
5213116 2.2S,cnZ 9..o74t-2 ±..96.5 b.4136*5 6.72t.E&5 1.73t6.6 1.2136*3 .. 84.* .Z..EC*U

23. -.3- ?ZoiL- I.13* r.2172E#. 1.7.26.5 1.5339Q+6 IA. Z. E3 5.,165r.' 1.31,6E*5 2.5566*;
2.7~26.252L-2 .:7* 7.6626.5 1.751E*5 :.4i .17954-3 5.253 .. .c.9l764 3.22.-

e.,6 .2.!i' 1.939-.'2 5.574E-2 1.i 8. .3ilE.5 1. .77'.E f i.e. 736*6b 1.1.4E*3 S.,92-*0 ; Z c77h*3 4..4:t*f
~. 3;n A.9..'. 153**2 .7.t-2 1.156s5.7.iE'S 1.73,E#5 i.£6' .i316*3 5.736 .* &-i.3L+3 .'i

A.3.4ui*. t-.Ii.t* 1136 9.7176'S 1. 5236.5 1.993t+6 1.3996*J 6.1.,790-3 6.iE+
i.76* .51- 1.A.E 5 ;:. .ZEt6 1.939E*5 1. 6 F2E6 1 .sW7£E'3 7.426Z L. 117' ?.256E.3

6..ti..L .153E65 1.G.31*6 1.847E*5 i.8166*a6 I.3c9E+J A.14?E~i l.l2bc3 ?.415E-.

i.66 .e6ojE-: 1.16116*5 1.605E#6 1.51'51666*6 9. 765F.2 1. 967z.'1 j_ 9JiJ 8- .5566'D2



,ABLE 4. ZXPERIENTAL DATA ON THE ABSORPTION COEFFICIENT OF LITHIUM FLUORIDE (Wavenuwber Dvperdence) (corirtn~ed)

vv a v 9L V Vl v a va

DATA SET 2,t:O'.T.3 DATA SET itiCONT.) DATA SLT 2Z(CONT.I DATA SET ZA5CCNT.I DATA SE? 29 JAIVA SUT aU:CCNT.I

a.;5b-E.3 :.t..ZC. 9.533.*2 '.J2ELi. 7.1tc> 3.4Z5E.#e ±.b.3t3 5.2 4-1£.btS..3-

* - 1:~ .533E.L .4a> 5.n?St.L ?.2d3E 2 4.737E.2 L..,?E3 1.;5Ltf i2.:* -. 3; -z.,.. cE..0
1. 7664,a 4. i iiC 6..i b .g56E. 1.34iE.3 2.53.E#C Z.ICZE#3 2.aCj.-1 1. r !.+ 4..c..E-1

%.6:i3.. 6 .o~a4*2 8.32tE.j DATA SET 23 1.34bE*3 3.68,E'u i.J.24*S 3..i,-a .i.s Sf705E-1
i.. Z* .. ol B.SiSL+

2 
J.Jc..t*2 7 a 77.4 1.2325.3 5.6045.1 t.143t4*3 7.11c; .'ub. 7. 44.E-2.

S. Ta7 .0 £. o..4. I..~ .1)3E+2 1.24.Ei3 7.89.Eo*0 L. i34* 3 1 . .of, v.5.. 3v 72-1
8.3S..4.i 9.8SS.-2 d.1s3E*2 1 .icdt Z 1. 95E'6, 2.4koE~1 1.ti!.E#3 9.96%.c4 t.*3G* 

2
.ut.q 9.tS,9 .. 3.cc*5

z.153tL t .246E-2 s..aA 2 1 d.Zt. 2 1 .56 'Z 1:.?23E+: :.-;i3 2.o :'t L.-4
9
L3 1. 6?4E*3

a.7.2;iz. .A*eC.2 e.jjOCZE # .233.L2 ±.i33E.i DATA SET Z1 .t-.3S 3.3?7*.
7.37.-#2 a,.75.4,*2 7.i6...'2 i.391.+2 9.5.6E+1 8.73,5*4 r -7.5.go 1.592E*3 '..374i#& DATA SET 3U
?.71..i*2 ±.863E#2 ?.. a. .3b54.2 7.17 lT-t . 4 1.5.34.3 5.ge*Uz 7

7.ZSE*+2 Z.
3
8?Lt2 2.8714ti 1.167E-1 2.42E#.3 1.4kl 1.9at .Jb.L+.

.11ST21 71.6 ,. 2..74k.2 1..5E+3 3-.A-1 1.43.L+3 9.5604*6 2.1 .' .754"..
*2i3. 7..32c.Z Z.6C!Et2 DATA SET 24. l.S.4.3 S. .64-I 8.7S-t 6.516L :_

T 29.3 1.7,4E3 i.?L
4  

DTA bE T 30 Z.7J5L-l
z.i,: +3 6.223i--i 34T.. SET 4. c.. . .&i. ii6j.0

- -... tC: I=573. I.9i E-,i 2..x?9I2 1.597c. 3 Z. 3o. t& 3 JATA 5.1 33
.2.Eza1.5I% -Z 1.63,.2 1.;. .3 j..7wt.o 2....i'03 1.5C3E-1 I :5

*33 2u .*3 s).3 2 .-58C-1 1.22?E'2 :w3ILE+2 4.2* . 266E# 2.
2 9

.Lo; 2.2(3.-:.
.r3* .. a .

3
* .. bhL- 3.a.:4.a. 8.7!.4~1 1 ... 3 5.59C4+U 2.193E.3 '.UL04-1 l.2

7
.t*2 c:.S3its*

*4i
7
c .oll3--3 . 3t -i 7.Z2Ei-x 2 .49,jE+I 1.389Z.3 7. 27.i*;j cf94E 3 7.t.- 6.8l.c.se 3 ... 34t3

.3 1±.'7F± -~I.4i4L3 Z .Ji t ig DATA 5:1 25 DATE SET 28 a. * s5ii3 2.4.7--. 4. 5.7 w.,2 5. 6i 463

.3 7~.6* .41 3 3~ St -3 T SF3.0 F . 835.0 .. 1?95L-3 £.2'E I. .. *Cic.6r~

~. .3t .3 3* ,s .i.t -J 1. 3224.2 b..oZtE.2 2.A)3i*3 1. 3,JE-1 !.o97E'3 5.5614 .an2.aL 7.i!E#3

23 33.3:z k.5~* 3.a ' .5 . I;7I--Et2 1.i9'.4*S c .&a..,E-1 1..59Z4E*+S 9.524E* 4 .ai16. # o.tf7*3

. 7 -. 7. t: a..3 a1. ? .ZoaE'. 9.5413E+a 1. 7-'3 a.-LLE~0 DArA !,E) 31 3.07.L#s C.,-.C:'
* ;i: ..-. 3.E#3 2.Z:i 2. ia..E.1 I..8c95.1 1.6vE' 1.92:4''. T q. 3.4...:'A 5.t2.4.3

.7. 77.0-. i.7 5SL' 5.Z.:. 381 5T 26 t..543E*3 3a.E 2.30'.E.3 5.9E34-3 2.0...cs3 4.JIS'tS
.j7,;. .nILL1 T * 30;.0 1.5,2E'3 4. 35.,EZ~ 2 .2ej3E 03 1.i15tE -2 4 . i7.42 3.15543

.2ts3 i.92?E,. 8.?Oo:'&I a.S7.~ L.9.5E.S 9.0.042Z 1.-..45' 7, ii.EfL e. Ju 41. * .34 2.3, P..5.iE#

tS 2.JIZ2*&1 ..)1 4'*2 2.5-7i4*2 i. 7.4'S 2.'sCE-i 1. ULE*3 5.2(4e-z i..3644*2 1.1114*3l



TA:NUE -. EPERTMENTAL D ATA ON 1.40 AbzuEP'N Co,.tYIEYC- CTf L FtIVM1024: (V~vcnurnber Der,ndenc,) (continued)

4V a V320v

-A i1 33(;3!,T.1 DATA, £21 351306T.I DATA SIT 3lcCc'.1 DATA SET 38(CDNT.I DATA SET 4G(CO4T.hI 3.T& 5,T 4.2
I z C73.0

.C *. ,2 7 
1

.Stc*2 1.3244*? O.4i2 12143 .tzt G.,CZEtz 4.546E&*2 6.141E03

24141473, 1±~.d*2±.i3.k* 1.1..:4 n.,:.E41 O.24 E#3 C..14*2 4.2.4L*
2 

i.17344 o.1z. ~
DATA -iCTv 3. Zi.2. .Z3txO23 3 L.o33E*2 £9.:2 1.C 3..:. ,...* .,.

Sz1e *38,-* 7. -j 2 1 . 4.i34* .. c,2 ~ L.7o* .36.. -Z.* s.17 .3

*.3 A 3 4.iE 3 Z , i E #1 0374 SET 39 3.4
3

6LOZ 1.55ZE. .. 4;c8,.*
....1- ~ ~ ~ I 3 .84LE.35 114 a. ±31---3 3.373E*1 T = 3.;.D .2. .7'.. .6:' ot

44-3 433324. 5..tk1 .1394.3 L,. 3'416 3.E1* #I4.t ,..+1 i.csiE*
3

.. * .4 -3 6.1.t 1.i .64 3.2t5 :.2 u..3564 3 .1 t *Z 2.1314t. 4 3 3Lc : . .-
.~ - 41.*3 1.-5.:t*L1 O.45c 15t t.5I24*1 4 . 7$ 4L 5.. Zj...si~ .~4c 2.174534*. .. e:c

+' -' 3 L 3 1...EL4I ,b3~ .5 o.I . .243:*cf e.' .tteL 2.5z* 1. 553'.t. 34.~c o

*'- 4. 1-7 2.3 i .1E4 £.ll..-*i3 .. I J4. A.31..... 4...674' c nl3c 571.4. OZ . ,:*e I.; I *I .

2.It'! Z .3 E'1 .1.3 CCb.&* #.142O&941Si.*

4....~43 -4 E2 .DJ* .54i4..2 ..1n,.*a 1k4 al .1 3.3 1 3! 7--
'.2t * .2 2 1'2 *1t DATA SOT 3.4 2 .,tE*2 C.Z9?' I 724 - *

7 * t. .4a2 j. . T z77.-, 1..~2 352cvi 3.22' **1

.'.* .* 4. 4'.+ IIL-E L.W~ .i1444. I .+1,L* #Z.-)j O*Z 5.5,74.2 9. 41 .E#S 3.-264~4;E:

Z. Z:32 A.S.'2 5b..4 IL*-1 A.1735&2 1.2:7L*1 a0..F- # 2 0.105c*3 5.273,-2 1...v zct*. Z.-V4417*
7 .-2 14.* 4.13t -I~t, 1. £1 .4"1 E'l *.1IE*2 L..2±Lt3 ..91sW*2 2-o4' z:*% 2.356L'c I. L4t+4

I% * *4 2 U4 r .,o h'2 !..2*. -2 4.4.cu.t53E.1 t.959E.2 .. 1iLLt3 1. Zt4- 0 2 .13E 2 4.S. E*35

1.?. *4 2. 17 1., .3;12 ."57c '2 4 . 82 AE~ .7 E.t1 .1; 7E #3 C. 16 E*3 iI .. 51*ZobIL .,
Z.. 3'46 + 1.43a- *. i- I *. I4 3.o+4' #.69* CL3 ,.1L3 it 4.34-4 L 1. 1 E*# J.4 (. S ET 4

7
1
.l7o . *Z ... c.2 .. 1 Z ,. 21 +..543 LtI1 E-3 - ;7vL*2 I2S.

ATL >E 3, in
4 

*+2 !3,3L'2 A..i3..9.* j.2:3Q23E3 3.iii~*4 1.24.
T -j. ?.51 t*z .. 3* O..E3 .1744*4 Q.134t.* L.12"E*3 3.8'.342, I. -at +ZT$ 2.4.34'

1.93.0. -.642 +.~;3 C.1 tgVE~1 0.149L#3 0.125443 3.flatA2 1.75"L4 t . z k. 242LO2

t.' '~-.s Ut.: 7.324e 1 2;.37.t* o? .1.4 3 1.134. DATA SET 4( .'Z* n1* .o:4O,,'
... .- :. ?.l ~ 1..32E'2 0.1.74' 4.31* t 9. .o42.l=-~ .,~ 9i

* 2 .3 1,'2 6 1 ATA SET 31 0.83* .:!j4'2 o.zi5.ce 8359013 3.34c:oc *.43ZI iu2~1.eA'
3.34;-. 1 63.1 0.1,97E.3 4.:6iE.2 5.a89E#2 6. 1414*3 2 i.;L-2 1.81.4 * .29' .44

'j z.2- .17 L-2 0.ZZZT*3 .;.23it.2 5.5o.E#2 S.2b.ItS .. t*.Lz 4.45 *-z i.-33;I* 1. 3372
7... 2*..*2 .75, #2 e.971'.'u .. 2394*3 0.i75E*2 5.273cf2 1.LL6EO'. 2,6S14z 1. 559 I~ l.. L ; 1.2414*

7.76 2 76 ' * 4.5.E* C. UE&Z 3-11#2 . ?.t * c4.6'67.59 +g.2.E~l 4.ZE j.5iE* 4.?3o*2 .94~t34.56E*



TABLE 4. EXPERIMNTAL DATA ON THE ABSORPTION COEFFICIENT OF LITHIUM FLUORIDE (Wax.enumbec Dep~endenre) (continued)

a a a3 5v

34T?2 ; r 3t;c,.Y.a 3..7 . (3467. DATA S27 .51C.4u.) '21; SET .7 b!,14 SLY -9(C3IT. I 41 SLY 5. C%3\TII

.. c.' ' 4* .7- ~ ,:,'a.2 .aA'0 3.333E-2 2.5$3E4'' 3.63EE2 1.o. 8t+4 9..OoL*4 3. .7;L: E +;a. *-. 12
5.3 Z.3 .3.c ... c'2.t2 3.79E '2 2 . 322 4 3 .571E '2 1l. 7995L'4 9.6532,. 4.43CL *a g...f. . ;.?3. E b2

7 *2 7,- 2 .2. E- 01 :.23' i .4E 3 . c 36 ';-2 3.z7A4*. 3.5 j4- -2 !.92,t+4 9.uoCi.6 1.126EZ-.2
3

o. 2. Sj-Lo*

'0 
4

*O Ct. .- EJo1 1.78.4*. 3.:c34* 3.6.5E+. 3.,-24,2 2.-7tL' .,~. .
8

i* ..-.. 5..oz

* 75/- e. 9.i2-+,' x-.o3 3.:A' .OiIE- 3.3g2 Z.32OL4. 3~2* 2.32,'i 1. ' .2.A

* .5 * 3.2..'-+ 1.3.*2- 3..7_ +2i~ 177..4 3.23-t#2 2. .. CL*'. L.5, ... c*

2. 7E 6 - 9. 3L +t 1 .2 3 E3 2 .33L.4'2 ..3S4* 3. L2 EE*2 3. L.3Z E- DATA SET 5w8,2 L.4L* 6.,3&4'2

C.i. 1 4;+ 3 . 7-.. d 6.*22*s .671-1 .94.42 6.9438E+3 3.a.834$2 3. C5,E4 T - 437.4

33.Z * 3.beic* 2.43..7E? 4.4231'3 3.;,iSt.2 3..'...4#6 DATA SLY 54

3. - *l 1. 2. is z .1 6 4A T 4w 2. E6.4 2 2.8'.iE- 3.2 7 74.#2 3. ?&49E4 6 6.6. 24E". 3. 6A. 7;E 573.1
T S~* . ... ~ . 7,,.,.2 -'.;23E+3 3. ,.4c2 2. c36.t'. 8.7at.3.c3--

+; .i 2.1 ttt E2 5..4o9E#2 2.e96, z .2 +4 3i0. .itZf*4 5. t.. 1 5.S4C ' -4.o.o
* ' 7..?. '2 1.2.24*. +.9.o' I z#2. +..,. b6 I.,, .C.~

-'1 .~7?- . .. o *2 J~ii D2.7. S
t
y .6 2.8j9Et2 8.8.84'3 9,3.,448 .2.. .,-.t

*3.37',. 3.83);. Z.,.' T 2.837E#2 5.a.'.2L'3 9.s'J..*.S.o-1 .Ot2. .'

'2~f# 3 1.??L LC 2.736E#2 k. o95E*3 3.350E'- 1.1-C. 4 0. A01jj*. ln..

Z.Z31 .- . 3.031-+2 1 .*3;. 3 .02Z '2 1.53E-4 2 .71.L2 1.743E*3 -s . 6 . 1. 3, *. ., 324 2 6.*

C.2 ~ 37Z1'2 Z.2.. ,.,,.*L .. 62. ?.o.1202 1.5.74'E .2.' .2. * Z.-.......E

*.......... .4;..-'. 3.7 7 A :.E + - 9 .17 04.E . *E3.o 9. It .ca'#
.. '.2 4 2.C&4. 3.. c.2 :.'-v 3E4 DATA SET 4e8 9.,.j. 1 3* .3.'2.35LE*2

7.' * 3.3,o'3.?a*, 3. 344E.2 2-.4S6*. ,.4C0c* 2
'2 ~ 3.Z794.2Z -6.66,4 3.3344'1 5.1534.4 9.3,:L4 5. 24.' DATA StT,53

3 . 1..e' 3) 1;-'2 3.323,.'. 3.22:. 2 2. 3 1E4* 2. aZ t.1 3. .3i, :'u 9. 3.4* 8 0 .1 C.- * z 3,..

'- ii.?- .* *' J.,w,'' 5.2:32 3,.6E " 2.2234'±l 1. 9654*4C 9.3644.'. 1.5 . f2
3.43,.'2 i.-.4.c'. 3.:35E'2 3..1. .,4-t 7-6'9E-1 9.'.aE.% 2.654 .c 9.7:..t j.1,,3*2

7- .3-. 3. . 2Q -ei.e :+ 3..71E4.- 3..Z34'. -. 0* 4.3J74E-1 9.4..--,+. 4..3. t* 'J.0 it+ 2.2'-7L2

.:/,4+ ;.*4* .1 Z 2.3 '2 x.:i- 3.2 2 !. :. . *4 '.3 3- .1 .':.*
* 2. , 7 .86* L3 2.937 t1' 2 1..4'E. OATA SLY '.q DATA SET 51 .. :1io,1

-~~~ ~~~~~~ * -. .* .83* .342827' 298.5 1 *Suu35.,' .~,

k~~~1 * ~~~2.oo5E*2 3.761E+3 9.:21E4' 5.57tE-1 8**44.99S1L ... 3
JATAII .4i . 2.7744.2 :.9 15E'3 9.z2.E"4 5.644aE-1 !1.-t4 3.9, 3.3iQ+. i.,12:*3
T .' = 7.. 2.72 ..E2 1 .153 E03 9. '234*'. 7.3644L- 1 8. 72...''# 4. 8 1 v.3~4* ...

* ., 3 .6324'2 7.937E*2 3.3!624*. ;. .I E*C o.52.'.4 6.7'.- 2... Ic'

1193 '. 7,.,.. 2 ;..7;.L+4, 9.46..'. l.2'LL 8.8,,oc+4 2..27.Q,c* ~ .E.132
.75E- 1.I.1t- '.-92 1. jd;E4 9.5vG*4'. 6924*0 8. i.44*. 2 .6 Z'.. i 6 1..nc' .l, z +

.15 71*+1 c. 2 43t1 J.*.84+2 2.27346 9 .5 i44*'.+ 9. 79,E+L9.4 5.jU f4 5.15.E. #Z 9I:s114 1. 76' E 3



TABLE- 4. EXPERIMENTAL DATA ON THE AbXS&E?TION COEFFICIENT OF LITHIEY FLUORIDE (l4avenumber Depezidence) (con-irnueij

3OT. SET 53CUGNI.) DAT4 SO 3JCNT) TA ItT 54

T . C? .

o.3,44 .:51I 9.d.* 9.7E-1
-- EcJ. .ol-- . .E-. 7.6E-1

* .,L+ 3.7.- 3.3J.*...-

0 .n'..t
4

. -. 'o *4 *.tL1 g.5.LE.. 2.tI.E*

64 4. <' .bi L d. 3-E. .3 . -
L+ .t .5L * 3.37:7-1

3, *4 6. L-1 9.6~* 37w2 E*L

*--. - -J#4 - 9.7e .E 4 9.279.'E-1
*5 462 -4I L E. '-1 .2,E Z

9. *.. ,

9- . f :.,O--..Jt,

4-~.4:+ *..H't:-. 1.LL-

?c 4. c.1 . , 1'. *Q4 1 .1. t p 3.5,L: +45.2

.A . 3;i'5-.+. t. * z+4 !.7w E1tL6,+ 842jE

7 . 77 7,E- + 1 ...

-4

IL _1' L -
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I I p
i0 3 Data

Set No. Symbol v,cm
-
1 Ref.

I ID 3.125E+1 [43]
2 1 1.923E+2 [41]
3 A 1.577E+2 [41]
4 + 1.227E+2 [41]
5 X 9.524E+1 [41]
6 0 7.143E l [41]

7 + 2.857E+1 [41]

10 2

a

0I-t

0

.
= 

0

10
0

0- I  
I i i p i , i i

101 0 2 to 3

Temperature, K

Figure 6. Absorption Coefficient of Lithium Fluoride (Temperature Dependence)



TAI;;Al: 5. SU:YlIARY 01f NLAS KlYI:NTS ON sIf: Af;SORPTI&X: ,oxrrI'cl LYT OF LlIL~ 1FLU~DI (Ncrgicr.1earc u 7n.o

Sc t Rk.ALo () Yr Mthod fl-eiirtre Sp-cif ir( ins and 1.--arks
No o sed Ran~e jge, K

1 43 Stolen. R. and 1965 T 31.25 2-413 SinglIe crystails; ob:.iind fron te. Harabaw Cneo-ieal Co .r Isv1--t
Dransf.ld, K. Corp. ; cylindrical specimen Of lian, err 2.5 c-, a;nd of varying tujck-

ness bct-ren 0. 1 and 2.5 c-; absorption coefficiertcs directly deter-
mine-d; datra ,ytLr,cted from a figure.

2 41 Kler, .9. 1958 z 192.3 77-561 Crystanl; plate speclnen; absorptioin cuefficient.s dcaced ftc, trhr.s-
mit-iv se u,-.urenents .. nJ t irated re etcey Zflect ivi:y eCad-

tte by trsinlng n -3.07 for the s-Volengtn -u *l te' ntera

tc-'.7eraturc tango; dlata extracted (ran a figure; estl:<.ted uncer-
tainty about 5 to 10%.

3 41 Klier, M9. 1958 5 157.7 77-536 Sane an above.

4 '.1 Klier, M. 1948 5 122.7 77-552 Same as a:ave.

11 lier, M. 19SS z 95.24 77-553 S.- as 3bove.

6 4: 111cr, M9. 1958 5 71.43 7;-571 San as above.

7 41 Klir. M9. 1958 5 28.57 120-555 Sane as aluove.



N-1

ALE6. EX?ERI IETAL- DATA ON THE ABSORPTION COFF!'CIENT OF LITh!LY FLUORIDE (Tempcrature Dependence) 4

[Wavenunber. v, cm-', Temperature, T. K; Absorption Coefficient, a, cm-11

T aT 0a T a

nATA SET DATA SET 4 DATA SET 6(CCNT.)
o3.X25E*! v z :.227E+Z

8V.? 2.693E*O
&.~. 4. 7 3E1+2 76.9 1 .,; 67E'-L 97.3 3. 3 95i

e e6 6., 'jt 02 9 3.o 1 . S -'.E~2 *1 6.2 3 .S53IEIZ

.t,- '7- f2 j57., 3 * 49. L.+1 i2Z.2 S. 3l.;iek
-, L~i 4 1'.. .. LSLI 32.1 5.7?27Le+

?47-. .- de .. 6 5f~ 179.1 8.4:4E* 5

li3.ai 3.66+3 i., I.ii1EtZ 215.8 1.1 74z*1
.4. - 1.s1.13 S;.. 9 c.2654t2 2365. L.3I53)e.1

.. 5 3 . .LE t 23 .6 ±.assE.i
L3 . 36. E+ Z76.7 2.1431E1

V 1.9E~cZ 29.1 l.5%5Et1
lAVA sE:T 5 33C .4 3.S49E~i

b5.5 3..7.1 ,-.G 5.762r.1

, 4:.. L .~i* 3... DA..~*1 TA SET 7
3.7.6 2.1i' .. T 1..399-61 v m 2.8SEeSl
39..5 'Z4c~ l.6 .68
.01.3 .. u3s

5
*z 1.-2. 7 1.77;kl1 119.9 2.585E-1

il?: 5icste. .3S:. Z..ctfl ±28.5 3.231E-J

5S.66.!E- .7 S.3:44361 ±t.4 9.55ZE-I

.. '.SET 3 Z i~ S. 4toiEl '1. 5 14991'

* ~ ~ 6 6.77e 2w. .5.' 218.8 1.TE u
205.5~~~ ?.9~1 296 1.5AC

51.6 c.1* 43..5 L.. 4.&2 375.8 5.5B8E C

.17.3 .3Ai. 4533... 2.45t2 473.2 l...LE#2
'11

7  
.. I.;ce1 5;'.5.2 8 .15;E#-f

331.9 2.. 2.fEZ '1614 311 6 554.6 ±..7sE-+
36±.? 2.5.8Ee2 v 7.14SEel
.39.6 3.3.3E#2
-.79.7 3.6.3E#2 76.9 1.61E41
535.8 .341EtZ 82.2 2.:30O5+
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Figure 7. Reflectivity of Lithium Fluoride

/



TABLE 7. SLIMhARY OF MEASUI"FNI"S ON' THE REFLECTIVITY OF LITHIUM FLUORIDE

Data

et Ref. .thor(s) Year Method Wavelength Temperature, Specifications and Remarks

No Na. Used tRege. ji K

22 jaiperse. J.R.. Kahan, 1966 R 12.5-40.0 7.5 High purity; single crystal; ha:d poli5h d until opticaly fl-t to

A.. ?lcn.d1 J.\.. about 1/2 wavelength of the mean sodium D lines; ..anealed in a vacuum

and Mitra, S.S. furnace for 2 dayi at a temperature of :,bout 3/4 of the melting te-
perature of the crystal; near normal reflectivity determined with

aluminized mirror reference; reflectivity data checked several times

for different samples and for several cycles of heating and cooling

and reproduced to within -1 to ±2%; data extracted from a figure.

2 22 Jasperse, J.R. et al. 1966 R 12.5-44.0 85 Lame as above.

3 22 Jasperse. J.R. et al. 1966 R 12.8-45.3 295 Same as above except sample temperatures measured with chrome-alumnl

thermocouple accurate to within ZZ of the absolute value.

4 22 :.sperse, J.R. et al, 1966 R 14.2-46.0 420 Same as above.

5 22 "X perse, J.R. t al. 1966 R 13.9-45.3 605 Same as above.

6 22 Jaserse. J.R. t al. 1966 K 13.4-46.0 840 Same as above except sample temperatures measured with an optical

pyrometer accurate to within ±22 of the absolute value.

7 22 Jasperse, J.R. et al. 1966 3 13.9-45.3 1060 Same as above.

8 34 Kacot. R. 1961 R 0.086-50.183 281 IHigh purity; single crystal; freshly cleaved specimens; ucar ioral
(15* incident angle) reflectivities determined from the intensity
-tios of the reflected light to the incident light; uncc.ta.nt'es

I.. the reflectivltias .e'out 5Z Iu the wavelength region below

0.095 im' and about 1% above 0.095 be; data extracted from a figure.

9 34 Kato. R. 1961 R 0.087-0.198 283 Saze as above except the crystal grown in air In order to see the

effects of hydrolysis on the reflectivities.

10 29 chls, H.W. 1936 12.0-55.4 293 Crystal; grown by the Kyropoulos method; specimen configuration .and
surface condition unspecified; narm l reflectivity determined by

using a freshly vacuum costed silver mirror as reference st.ndard;
data extracted fr'm a figure; estima ted uncertainty about !102;

temperature was not given. 293 K assumed.

11 35 Roessler. D.N. sod 1967 1 0.045-0.105 300 Single crystal; obtained from the larslkaw Chemical Co.; specl.is

Walker. W.C. cleaved in air id exposed to le humidity atr.ephere for bout 2
minutes before transferred to vicuum sy.stem of reflectoeter; .c.,r

normal roflc-tivities obtained over a long pvriod of meauri.'.ts;

no cont.,mination from the use of an oil diffubion pump .nd no d.pe
due to oper.tions of radiation source observed; data extracted ftra
a figure; at imated uncertainty about 5%.

12 41 Elier. H. 1958 1 13.4-26.0 77 Crystal; specimen with top surface highly polished; reflection sxc-

trum measured and determined with respect to a reference mirror r,,de

of Crsman VIA steel; data extracted from a figure.

13 41 Klier. M. 1958 a 13.5-25.0 293 Same as above.

A.'

/-



TABLE 7. SU:L4AY OF NEASURIf.ENTS ON 'ME REFLECTIVITY OF LITHIUM FLUORIDE (continued)

Dora Ref. :.uthor(s) Year Method Wavelength Temperaure,Re:arks
SetSpcfctosadcjrk
;;N. Used Range, lam K

14 41 Mdler, 14. 1958 R 14-25.4 573 Same as above.

15 51 Cottlieb, M. 1963 R 14.5-36.0 300 Li F crystals obtained by rection of Li (97.7,% pure Li'), H20 ad
IF; vacuum evaporated film (10 n thick) onto a natura: cryst.l of
LiF; heated to 523 K then cooled; data extracted from a figure.

16 51 Gottlieb, M. 1960 R 14.5-36.0 300 Same as above except material obtained from a chemical reactor of
LiCO2 (99.9% pure LI

6
) with HF.

17 52 Johnson, B.K. 1941 R 0.134-0.164 298 Single crystal; polished surface; back surface ground; riasurr-cats
made in vacuum; data extracted from a table.

18 53 Sulzbach, F. and 1a6 R 8.0-36.9 298 Thin film; evaporated in vacuum onto a glass substrate at 53 k;
Turner, A.F. reflectivity measurements made at 298 K using spectrophotometer;

data extracted from a figure.

19 53 Sul/bach, F. and 1966 R 10.9-36.9 298 Same as above except film .as deposited onto glass at 423 K.
Terer, A.F.

20 53 Sulzbach, F. and 1966 R 10.6-34.5 298 Crystal; polished surface; data extracted from a figure.
Tur.jer, A.F.

21 54 McCarthy, D.E. 1963 R 2.0-50.0 298 SynLhetic crystal; 5 mm thick; polished to flatness of sevea fzLoes
on both sides; 30' reflectivity me.,sured; auminum mirror roferencee
sta-eard; data extracted from a curvo.

22 55 St'phan, G., 1967 R 0.0306-0.103 298 Cleaved; 2U* spectral reflectivity measured in vacuum; d.,ta extr.,c:ed
Lemonnier, J., and frcm a figure.
Robin, G.

23 55 Stephan, G. et al. 1967 R 0.0306-0.103 298 Same as above except for 60' reflectivity.

24 35 Stephan, C. at .l. 1967 R 0.37-0.10 298 Polised; 20' reflectivity measured in vacuum; data xtr4ct~d frca a
curve.

25 56 Martin, T.P. and 1966 R 14.5-28.1 298 Thin film evaporated onto glass substrate ii vacuum; temperature of
Turner, A.F. substrate 308 K; near normal reflectivity measured; data extractd

from a curve.

26 56 Martin, T.P. aid 1966 R 14.6-36.0 295 Same as .bove except substrate temperature 373 K. v
Turner, A.F.I-

27 56 Martin, T.P. and 1966 R 14.4-36.0 298 Same as above except substrate temperature 423 K.
Turner, A.F.

28 56 :rtIn, T.P. and 1964 R 14.5-36.0 298 Same as above except sulstrate temperature 523 K.
turner. A.F.

29 56 .rtn, T.P. and 1966 R 16.9-36.0 298 Same as above except substrate tcr,,yera ture 573 K.
Turner, A.F.

'-I

(I



TABLE 7. SU*'ARY OF >IEASURF.I:EN.S ON TIE REFLECTIVITY OF LITHIIM FLUORIDE (continued)

Data Ref. Author(s) Year Method Wavelength Temperature,
Set o Lsd Rng. Specifications and Remarks
Set %o. Used Range. Pmin

33 56 X.rtin, T.P. and 1966 R 13.7-35.7 298 Single crystal; normal refleclvlty maasured; data extracccd fro, a
Turner, A.F. figure.

31 57 Ran, K.K., Moravec, 1975 f 0.041-0.104 100 Single crystal; obtaited from the Harsh4. Chemical Co.; cleaved
T.J., Rife. J.C.* and specimen of I cm diameter and 3 mm thick; specimen kept in vacuum
Dexter. R.N. during measurements; near normal reflectivity obtained; data ex-

tracted from a curve.

32 59 Schaefer, J.C. and 1965 R 2.5-34.8 300 Single crystal from the Harshaw Chemical Co.; geometry not specified;
Hill, E.R. Coneral Electric ad lcrktn Elmer spectrophotoceturs used; data ex-

tracted from smooth curve.

33 59 Gottlieb. H. 1960 R 15.9-34.7 135 Single crystal from Harshaw Chemical Co.; polished with water com-
pound, normal reflectance measured In vacuum with aluminum mirror
refe "re standard; data extracted from a curve.

34 z9 Gottlicb, M. 19¢0 R 16.5-2.7 210 Sane as above.

35 59 Cottlieb, M. 1960 R 11.14-64.11 300 Same as above.

36 59 Gottlieb. H. 1960 1 16.5-28.3 355 Same as above.

37 59 Gottlieb, H. 1960 R 2.0-14. 300 Same as above.

38 60 Turner, A.F., Chang, 1965 R i4-39 293 Polished single crystal; near normal reflectivity measured with
L., and Martin, T.1. aluainum mirror for refcrcnce; data extracted from a figure.

39 61 Nakagawa, 1. 1971 2 4.7-47.7 293 Single crystal; near normal reflectivity measurements made in a
vacuum; date extracted from a curve.

a,0 37 To.nki, T. and 1969 R 0.095-50.155 293 Single crystal ; obtaiised from the Hliruhaw Chemical Co.; freshly
Hiyata, T. cleaved; normal reflectivity measured In vacuum; data extracted from

a curve.

41 40 Machare, A.. Sorisa, 1974 3 8.69-50.0 300 Single crystal; well polished and carefully annealed specimens; near
H.P., .oi .ndecmann, G. normal reflectivity obtained; in the long-wivelength-shouJder resino,

random error about 2-2.5Z; in the high reflectance region, radom

error about 0.52; in the Jew-wavelength-shoulder, random error about
1.52; data extracted from a table.

42 40 Iachare. A. at al. 1974 a 8.69-50.0 s0 Same as above.

63 40 Machare, A. at a1. 1974 a 8.69-50.0 20 Same as above.

-- i



TABLE S. EX?KRUMENTAL DATA ON 81h TIFLECTIVITY oF LIMHLIS FLUO)RIDE

lWave2A,,gth, i,;m~; Temer..:tre, T, K; Reflectivity, D)

DATA SET I DATA SET 1(1067..) DATA S'AT 2(ZONT.) DATA SET 34CONT.I DATA SET 3(CO.iT.I DATA SET .(CCNT.)
T r.5

27.6', 6.98 19.6" 0.?6 1...9 0.21i 34.2. C. S7 23.80 4.62
12.5.. 3... 4.... 1 .37 2.... I.b2 14.72 (.31 35.56 C.52 Z..4. 4.34

13.33 ~.: 2Aa ..s 283 3.65 zS.L i' C.55 3 S... C.-63 e5.7. q . 5
.1.?.. .31-V5 i. 6.5c 21.27 0.$5 .3b 053.. 2..' .5

S3Z A.13.05 a .69 21.73 a.9go0 1S.6z C.b9 41.49 0.37 27..Q v.8'.
14. 04 .3 33.22 3.64 22.22 i..91 15. 6'. 6 .72 43.29 G. '5 27.9.3 C .6a'.
14.. 28 . 11 34.3o 1.52 22.72 c . 94 2 .10 C 4 4.5.2'. C.33 zdk V.593

)'.. .2$3 35.4 C.'3 25..,4 3.9. 163 6.76 DAA .?.... 4.bs

7,~4. £.3 .324.50 J.94 16.9.. 4.76 I - 426.3 31.5. 4.il
- .. 39..4 0.35 25.C36 a.is 0.21. C.7t J2-.6 0.77

.5.Is . ~25.74 1.55 15Ii. .76 C42 .16 ..09

I!,. 6. .7'9 DATA SET 2 2b.3S 0.95 11.02 '..75 1".%9 4. 21 3..7 4.'.
15.3. .. 51 T *85.0 27.13 g.s 197'. 1?. 1' 1.-3S.7 O.iz

, .. .. 3 27. .. 23.55 Z.1. 48 2 67 1.73 1'.392 '..71 13- V

i6.3!1 .32 l.57 .23.90... 21.9 4.8.5 .. 16.94 0.72 1 33j* 61.

.1.3. J. b 1..: . 38 2.61d 3...1 t.,? :.76 1;.530 (.71 -.32 4 '. .. ;
-.. v 9. . 3. 7 ..32 1.62... 4 3 ,V C~ 7. .64 J.;s *.37

2~. .. 349. -0.3.7 2.:1 .3j 13.56 a1 ci8 15.18 9..4 :.8 .3

4.8a. 1.93 .iDAAST32.96 C.9 19.23 t.67 a.,. . .352

2 , .ii I.9. 4.433Si97 2i6.388 3.9 7 a i. IV 6 i5.,, V.34
L7.74. L.61 7.'. 1811.8 3.E1 2676 G.75 2b34 W.1.61.2 .5
23.1. 3.i 1.. -10 3.33 0.53 el.i3 1.78 i.668 0.74 Ul.5 .T 5?
I2..q .5l85.3 1.43 t..32.23 0.i.31.7 0.712.9 .V1.S . 101 b4 ..

2.? .5?6 .71 J.52 13.71. 0. 32.12 C.639 1.69 C.7z.1.6 00

35. .97..3i3.913 3.37 2310 C.8 12.22 1.76 .- d3 L~'
;6.5.i5.. J.77 .0 2e. .12 Z32.65 4.61 32.12 .. 76 ;..Ca .o

^..5 .9, 15.!. ;:.7a 1'.5 3.34 33.22 0.71 13.5i 0.89 17.26 *.:.6

2 i. a .4 o.8Z4 4 Z.9L so f.ts4 7 u .



TABLE S. EXPEIMENTAL DATA 0--l ThE REFLECTT'TT OF LIMIZOTITLUORDhE (~~w

p x. p A 0 P

3,4TA SZT S(CONT.) CAIA SV1 DATA SET WCONT.) DATA SET 71CONT.1 DATA SET d(CONT.1 ^DATA SET 4(r~.HT.1
T - 8.3.0212 

.5 i, . z U 9.7.5. ) Z9.49A 0.68 2i.73 O.55 4..,7 123 .2? .9X2I. 3.49 I.23D *.89 O.r~ t,?7 6.5,.9. .1238 a .03
* .1 1.c 1.3. io .r 31.54 5 .6? Z2.17 c .56 3.,353 .. 233 - , .. 3

21, * i .6s 1-63 3$.55 0.6. 263. 1..58 T..6.3 31f .4d 1. 1 .A

22.2 .~ 61.2 .36? '..84 U.38z 28.75 6.57 06. C. 323 .3....7

24..2 .3.7. 1.6 7 .5 DATA SZ 7 I 3a4 0.6 Cs 3?' C 3.9 '.1.32; 4-183
29.9bO0 3 14 I.41 U.16 3?3 0.5 2.6103.1 0.6.. 4..977 E..u .134? .. .?
2.33, c.7 17. .7.5 32.3 5.1Z. s5 f 1.... . 91 C ~1J ; .67 1.34 ..ar0

256 .7 1.5 ..9 *.. 32 0.67 3zS 4.583 U-9124 6.13 .o ;.,74

Z.2;, 37 1.5 za) .59 C..? 01 69 .4.1035 5..19 AT ST
2.., :.?? 8.92T kL3 15.1? 6.1 . 38..6 .52 4.4,389 C.. t 1.0
V26, .7 14.1,z 0.4 45.a74.3 8 2.199 c 0.51 0.4994 0. 13' ,nIt . 1-

a:3.24 4.1t7 1.27 v.sw 3..5 t.. ATA SET .1.68 G.13. .. l...135 ... c1
3.? .rl 2.7 3.60 16= 166 .'. . 7 .* 83 .6, 4.14.9 . 11 6.142 *JY5

'... .. 61z. ..543 .3.92 ;.:2 33.2Z 0.54. C.3. is1? -00 ...
2.3.2 .737 ZI.:. ...69 1.338 0.5 ...36 a .01? .1156 I...13 ..1.696 6..D.7

.2. i..3 257 2.5? 1492 0.53 36913 G.54 t.. t.114 DATA SET .95
Z.7718-9 U.68 19.607 0.43 36.461 6..82 (1. 1 i # '.1.31 0.- 24 .1

19.27 4..0 15.43 0.5'. 09.8% 0.I3Z 0.1t55 C.114 ... 95 .2

979 .59 ?15.'9 0.56 43.293 C.4s1861 a. 014& ...I;! ...1?

32.1.7.7 ;.b6 21.8a 5.35 0.96 0.3 .121 4. 0 4.95 .

33.24 ..ri 2 7 . 41 .6 .. DAAST6Q6 1.LsL.C

S.Z. 6SZ; 7 1.6 L.9 44 T- 856 ~ f %. 3Zr/J



TAaLE 8. UEPRIMEITAL DATA ON THE REFLECTIVITY OF LITHIUM~ FLUORIDE tcotizC-')

DATA SET 9(DO'4T.1 DATA SET 9(COlT.1 OATA Sw.T ± IC03T.) DATA SET litecMT.1 GATA SET LL C.3JNT0 DATA St? 11IC~.2'T

3.4,54 4.05A 1.23,5 12.66 J.,ca d.1,Q C.AT S t 0j ;. '.5 .. L.6

L..97.. 4.235 .12379 .359 1..19 3.175 F - 36..& b,.0.3 C.0i5 .. 1.3.. L..69
W.'.933 a.?!d .4.1338 L..Ib1 i4.!2 4.a7 6.0.2 E.c63 &j. L.17s'

. . 1;6 4..56 4. Lb '*~ 154 . 7 b .J-.405 . 5~ 6 7 Id C. t5i IATA SET ie

4..I. .. F Z 4,~ O.L68. 1S.5Z 4.?% ..2 1 %a j (,.i66 fl. . G..A 452...=... 0.
Z-1.3 27 L.- ..2.79 2e5.! 3.7.5 U-..,72 C.52 .13o2 1.0o ~ 95 .9.

4.1.1. .1.-0 C64, 11 1.399 6.58 0 .9± J. 2 5 0.209 0~.9 i .'.75. 1
a.35 I a ;,. 14 7 412? . v.11 .bi.596 .... ?75 j..430 4.0,5. 0.Cs 0..1. S. .'

.. 21? .. .1 7? 6.u739 2.. 5.473 C.u3759c .136.9Z . .L. 3 .- 3.a-43

1.2. -1 . AT3A .. L7 1739 0.'.0' 5.32 0. I7± .1 76.L2 ,~ 1..5 .5..92
') ;;, a~i T 6 ..370 '...1 4. 763 . .11 ;.ail- u. ci3 1.97 0. z

C .643 J 31 i. 2%;. 7 0.2.0? 2.32±, 956. Z..S 1.6 5377 T 32 Id. 90 0. 19

.1.7 Z.: 3z .2. . .01L .4. 54 0. 295 4.165 (1.6ci L.06z' C.42 tu.96 -.8±3

... 7 .. 0-0 .. s 2 .3 0.35 . S3 I7 4447 ;.1 24 . 7 t. 9 ;
4.;. 0.106 .67* Z4.Z4 2i~l S~i C.Vi Q. az GC92 *-9



TABLE 8. EXPERLMENTAL DATA ON THE REFLECTIVITY OF LI1T1hI FLUORIDE (contin.ed)

c x 0 x p x 0 x p

DATA SET 13(;ONT.J BATA SET 14(:CM)T. DATA SET 17 DATA SET 19(CCtNT.) DATA SET Z3(rJNT.I DATA SET 22
T = Z96.3 I - 296.0

17.97 531± e4.43 3.734 -1347 0.L5 6
6

.u 4*.77 2J., 0.7.5 0.0366 W.02
.5.47 ,. 6 25.4a2 0.79. ..43 0.5 ±7.1 C.549 21.3 7.?9. J.372 1..v3
1.40 .ia . 157% .C.4 18.1 0.549 22.0 .84? ... 458 3..66

7b.? .. 9 BATA SET 15 J.164. 0.0 q~.9 .582. 0.. .S. 0.
:8.97 .7, T = 30u.0 2G0 0.566 23.8 4.898 .. 454. 6.1.0
,.-5 3..7.7 BATA SET 18 2:.E C.5z8 25.; C.913 b.u39± 4.091

2 .98 Q.794 14.5 2Z4 t c 298.2 22.0 C.962 ?1.* (.9. u.4B L-5?s

,&. .... r.. 0.E16 25.0 .6±C 30.7 &.86. -.,7.7 .. 43
zd.'. 53 ±7.3 .± 7 .? 40*4 7 1.. 1 C.629 31.8 C.804 J.0776 ... Ss
22.93 9 ,,z . . 1.66 14.1 4.Z.,. 27. 1 .650 3Z.. L.7o,. .*.30Z J.460
23.'.. .58?6 19.3 .E85 14.5 0.484 28.1 0.621 3!.1 &.08? 0.6.914 1-0..9
Z... ;.z5 z; 6.78 ±4.9 0.499 29.0 2.. b 3-5 C.592 0.09.3 6*149
24.95 2.880 21.6 C.81 ±5.? 0.676 3C.0 0.6L7 u.4973 a.iz%

25... 4.83 16.1- I.ILJ 3-.9 &.596 DATA SET 21 ,.±I.. W..±o
DATA SQT L4 2d.. A.dl 17.0 ..718 31.9 6.572 T - 298.0 .. C3 Q.luj
T = 373.A 3i.L 6.10 ±8.2. .7±2 S2.90 O.SS6

33.4 :.06 19.4 i.686 33.9 C.491. 2.o C.1s3 DATA SET 23
14.1. 4-,47 4...; 1.5 2w. 4.671 36.r i..398 4.99 V..6 I - 29d.4
14.51 4.; & 35.j 1.53 2.6b 3.7.11 36.9 u.359 13.7 0.C54
1-.95 .lbw 30.± a .. 22.1 1.72 1...1 .. 13.1 I.&U.6 6.8
±5.-D #.4 9 12.9 3.8,2 DATA SET 21 14.1 1.48? j.u3?L 4.1..
±5.Q7 A*.oj DATA' SET ±6 4-5. 0.827 T - Elsa- Li,. 1.62, 3..%?. f..224
1 t.-.5 :.13L 312.9 15.8 9.8*6 16. t u.. t...5 ., i

lo.~ 6.705 Z6.8 . 87± - c7. 9. 18 16.. 1.594 4..2.9 b6.252
17-.8 U.716 14.5 1.21 71.7 0.874 12.1 .1419 21. 3 ;.71a ,.j? atIS j. Zal
,.S~? ..772 L5.3 Q.51 19.'. J.d.8 12.? C.L33 Z3.5 6.799 0.oe ..144

3.5. 3.772 ±6.0 1.6e 316. 0.815 13.1 6. U64 Z6.8 .6. .. 1711 0.124
10.91 0.7b lb.. 1.6z 32.9 G.751 13.6 C.1-3 29.9 .R.2 L.3?2 0.136
±9.4., 4.7.3 19. '..bb 33.5 4.737 ±3.9 C.191 35.3 4.59. 6.g839 ji.16Z

1998 .. 719 2... 6..7. 33.9 0.644 14.4 1.369 3 .± L.432 4.390 0.1.1
24.. 3.717 e5. .. 28 34.9 . t23 15.G 6.663 39.5 4.3" ..4'146 ;.:71
20.9 . .p .?Lz 28.3 .. 80 36.9 0.414 15.4 1.719 4Z.0 &.Z32 ;..63.6 f..214.
21.44 3.746 3..2. .16 16.6 p.773 43.8 .. i.9 ....9ob i2.z14
21.95 0.739 32.c 4.64 0ATA SET 19 16.0 %.79Z 45.6 b.24z .1.3 0.15S
22.45 .?A 34.; i.48 T 298.0 17.1 0.795 46.3 C.21
2.9, 3.8 3 36.v .W.34 17.9 4.8? 47.? o.±33
Z3..;. -its5 ±3.S 0.968 18.6 0.766 51.0 6.41
23.9* 4.81i 14.5 3.32? 1".3 6.733

/ 4



TABLE 8, LX?ERIY.ENTAL DATA ON IT-ilz REFLECTVIfl OF LIATILN FLUORIDE (contin-ed)

Z3T6 S.F 2. DATA SET 25(1-CiT. ) DATA SET 2.o CCNT SET 235 (CA.) QATA SET 3U DAT. S.T 3.(CCNT.)

T Zia.33, T = * .

f12.-i t;64 35.L 5.536 4? 3co13. 7 u. II. ~ ?

7 .;i27.Q -.64r? 35.9 u.539 19.3 L.64.7 1..8 C.6256 ... 7?5 A..;S

.2. ~4 .s~ 2.1 ..6.? 2..L 4.627 j9.6 - 7,Z -12,

6c.tsJ3T 1.. £. t.63Z DATA SET 27 2-.3 C.bZo 11.7 C ~ T? 4 ;± .

-7 31.,o .. I * 236.3 Z i.s 4.675 13.7 h.97 C' .3

7 1.0 .i '. Z.- 253 s.
7
77 25. . ;.iO .i' i

3t,.2 .9z 17. . 3. 5cC ; .S: 23. 7 1.8.51 ... e;

L.75 ,...3 .45.. 16.3 3.523 27.6 4.62 9 Z3.^3 C.74. ...is, 6.-

,'ATA SE551 .'

2-- .- 2-TA SET '6 -. -4

3. .41.7cL
3  

A t. 9 .. 73

! 5.7 .-4:N 25.1 ''3 43., L oii . c
3  

".5

lo.0 3~£ -z 7.

3- e5,* .3 29.7 L.ti22 .2 721 ~ .. i 2 E 3"'

T l.31 6 3.3'. .4 23. 1 .,(.T .LT., ~ j

z ; ..47 a ;.. 2.e.- 7i.., .. ± ,
4. !3t 3:.7 .7to 25.06 L 4., .. 3; 2.6. .

33. a4. C....521 '.477

22.: -31.9 E.662 ?7.q C 556 L.'. 0 .r .o

Z.3 £..t 6 ~3 29.2 4.351 z.:32 -3. . .':

.7303 3..2 6 .[,o .30..6

3.. e .o .... 9 3.A SET 23a 3. i 6. 33 ..- 4- a...

26.9 7; T *29;.; 34.,7 ,~ S.o~ -,- 3.. ... ii

52 3.. 1.758 3o 3.4 ic

27 -. 2 7 2.. 4.. 042o 34.3 ,.67u.3 70o' S.17

7e .5.3 a.6.3 3i.0 t.23 L-o. ~
.75 .. 2.37 36.1L 4.592 .? -, J-;

6j 7i i,. 9 .2 16 6 2 Z .c

Z-9 33.0 .63L 16.4 U.653 L-.4 C.037



3, .. 77 3

3S i j.7

;25 '8.5r

3 .7i9t

~~~~T 31.7 9. ?2 7 ~*..aav4.* z T 3 .h .:. j t i

7 414 S-1 33 i

5*:. 
a a

3# a.' .39 4 ,e.

3.515

.7 717.'4 ~ . ' 3u d33.7 a. 3. 2 .. 2J3

7 .7 .. i 
.Z 4%* o *

10.35

.43..721 
546 *,, 

- 3

26..." .. 711

3 Z' .7 * r3 13 j 3-3L.7

Z4I S~ 3'7: Eo.1 4.742 24 4.0 .. I

7 .
., -1 '.14

3. 
8

/75r 1 - Z5;.7 .3



TABLE S. C1PERIMENTAL DATA 0ON THlE REFLECTIVITY 0? LITHIUT! FLUORIDE (contiau. )

3ATA SiT 39(2397T.I OC1' SET '.(04. J 1 A7T 3 T '.11,;47,1 3374 SET 4:tfCONvT. DATA SET 44 37 5-4 S1 .2tC~T.I

:.4 .665, .,.34o J.5. .' .. ;4 ;,7.85 1.75Z 53 .5
:3. 23 1.O.3 u.U14?2 4..782 3.. 4.. 81 .. .S ,Co.56 .6
:9. 5, i.e!z7 1.3 .,..7 e2 9.52 0.003 18. l ~.l 3

c 8.17 C. L~o 16.07 '.?ss
13 . el- .65 v.A .3 ..al 3.113 18.6b G. 72: $.. C. C,. o..4 4.*12
22. 1lo.:. isS 5 s.7e3 9.7. V.33 19.23 G.111 3i.92 u.j ..3 r.3

z..1 j.7i8 ... I?3 L*i.7t L 9.j .42 1.4 L.15 9..' .. o 1.o 2823

.- 1-1 - -.2 e .5 Z L 2 3.7 2.. .5 9.i7? -. 7 ..- ~ 1
2.Z .. lae 4 .o -*,c6. 1. 3.. a.3 C .17C 9.25 . ..- .7 . .

26.6, -. 553 ;.,1,)42 6.5 is 11.?o 3.4 I 5.42 4.6z 485.52 4.3 1'. j5e
-.551 2..?? 0.55:.? 9.'.: (.0.3.72

31.S5 3.37 .. 1 c .. 5.& 12.6 1..3 23.245 ,..6? 9.?: G. C03 .9.23 .7 l
31:.4. L.17 73 .U2o b ,2 :2:. s' 23.5 c5.685 9.8 ..u .'4'..

6Z 12. E2.5 4.61 C55. .9,2 1.5 05±t3
36.4 45.364 .. i 11!.82 13 26.2:. 0.4 qL.2 ,..j 212.1~

31.u3 ... 53 2.- 5.5.85 12.93 L.C17 27..Z G .452 13.3u. Cal3 cI.7 .. 7
34.75 "..1 5.54;.'o 1147 11 .i5 . 11 z 7. ? 7 .~ .2z7 ! . .

1 234 3 17 4.1'. ;3.33 3.L27 28,.57 .9 1± 349--7C 2?

-j.. -8.5 7 ,.:,Zi :3.b3 G.L:..S 3.3 Z 5C.65, 12.1 9 C8. .. -. i
1.0. 25 . .,. 3.35 Q.,os 31.Z5 4.882 12.3'. 5.7. Z-33 4,.i

14 4.. 1.58 G.141 32. e5 4.835 le. 6~ 2, .Z. 3 2-
04AT4 SLT '. 4.15,4 ~.'.i. -4.28 0 .12o 33.13 4.132 12.tE E.1, ~ 15.0. ;>

T = 33.5 4.15± 4.6.39i 14-3. t.:A2 34.'.8 -i.bZ% ±2.82 .. '.3 aS .-)5o
1.73 .2 35.11 C.544 12.943 C.011 ?. .. 45t

j -' .. 5±,F SET 16.9 .i j..'.. 3 7.,u3 ... -31 .I ;. C d2 27.77 C . ,.
i. c4 6 T 31 1:.5 3035.46 C.477 13.33 125 z3.57 344±2

67 33j4:.3 .68- 4..Q. C.'.Z6 13.51 C. (33 zv-.1
9, * 3.. 8.64 L 52' :.6 2 4.718 41.66 C.4.L4 1'. 69 4. .4,6 3 . .31 0 lzi.

31 .. ~ 8.7 k.. 15..37 3.7'.1 4.3.-7 .384 1 3.8 5. (73 J-42' .33z
2 a .8'. E.. lo.12 3.758 45.45 6.368;- d4.4 93j 3c .2i 3.71.

o1 s. 357 6.32 341s 1o.!l -2.70a .7. 6i G .355 14.28 C. 14a is.3 is
Z12i .2 9 9-~ .. ,S 15.69 ."72 55.34 i.342 14.49 L 1.5 3..41 534

434i t,50 S o9 3.77Z .4..?, C3ta 33.7-?. 17
.. 5 3 3 115 9.:.? 4.516 -7.24. 9.1±86- 32 5.521 37 .13 4 4

j , .8.L j4,3 9.245 4...4 11.5' 3.761 16-15 J.T7.,5J 3.. 3.u



TABLE B. E.YERfl ENTAL DATA O1 THE R:?FLECTIVIfl OF LITHILYN FLORIDE (continued)

0tLTA SLt 1.2 1ONT. 3±4 S&7 .3(3C47.I OATA iET .zecOCvra

378 ± 3..2 2.4± 0.966
416 .3.2 13.64 WJ.65! 3j.30 0.9.z

43.'.? 4.z2 13.6a -,75 33.29 4.8-36
.5.'.5 4 .32 1.5 .69f; 32.Z5 .7116

.7'. .332 -4,23 .3? 33.33 3 .v;±S
.32Z ."3 4.2± 3. .93.

D97A SO T3 14.32 V.52% 37.03 UZv26
1 1 .5 u.717 38.46 0.398

35i J .. 7?66 4..3 j.374.
5.69 ... e 15. .1 '.66 3.3i?
477 I. ti 37 .8S. 43..? a.343

1.n6 -L. ..8Z2 .'.'.5 0.335
S. ii2 4.t33 47.63. 4.326

9. ~. 4.5Z 5.43 0.326

3... :.n4 .24 4.8z5
9.c .,7. 5. 3. el7

.3. .J is~i 4..8,

4..s ± .793
8
o C.7 84

9.7 ;.3.23 4.77'.

9*.~ 3& 2,2 2 -;u :.1

.;j. 2'53 a;55

i;.73 *.9:.9

0* S .25 V.3
5 5

.2. 4..4 Z3.6!, .903
1.3. s3 u .969

4-1 20.3:. ...9?6
9 27.:2 3.377

13.1-5 .. ;24 2?.?? Q.9??
333 ... 32 285 r.975
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TASLE 9. SL1OIARY OF MEASURLMENTS ON THE TRANSMISSION OF LITHIUM FLUORIDE

D. ta Rf uhra erSellaln n eak.ta Ref.Y Method Wavelength Temperature.

-e. %0. Used Range. pm K
1 34 sato. R. 1961 T 1.8-11.0 283 High purity; single crystal; freshly cleaved specimens with thick-

nesses unspecified; data extracted from a curve.

2 34 Kato, R. 1961 T 1.9-11.0 283 Similar to above except crystal grown in air in order to see the
effects of hydrolysis on the transmittances; transmission spectrum
shows an absorption near 2.8 pa due to the vibration of O-H bond.

3 41 Klier, H. 1958 T 4.5-8.0 77 Crystal; thin specimen of 6153 lim thick; transmittance spectrum
measured; data extracted from a figure.

4 41 Klier. H. 1958 T 4.5-8.0 195 Same as above.

5 41 KlIer, H. 1958 T 4.5-8.0 293 Same as above.

6 41 Klier, M. 1958 T 4.5-8.0 573 Same as above.

7 41 Klier, H. 1958 T 6.0-9.50 77 Same as above except for specimen of 2021 We thick.

8 41 Klier, M. 1958 T 5.5-9.32 195 Same as above.

9 41 KiLer, H. 1958 T 5.5-9.12 293 Same as above.

10 41 Klier, H. 1958 T 5.5-58.1 573 Same as above.

11 41 Klier, H. 1958 T 6.0-10.3 77 Same as above except for specimen of 726 Vi thick.

12 41 glier, H. 1958 T 6.6-10.3 195 Same as above.

13 41 Klier. H. 1958 T 6.0-10.3 293 Same as above.

14 41 Klier. H. 1958 T 6.0-9.7 573 Same as above.

15 41 Klier, H. 1958 T 75-14.2 77 Same as above except for specimen of 145 Us thick.

16 41 Klier. H. 1958 T 7.5-13.2 195 Same as above.

17 41 Klier, H. 1958 T 7.5-12.7 293 Same as above.

is 41 Klier, H. 1958 T 7.4-12.2 573 Same as above.

19 41 Klier. M. 1958 T 10.9-15.3 77 Same as above except for specimen of 60.1 jim thick.

20 41 Klir. N. 1958 T 10.9-14.5 195 Same as above.

21 41 lir. M. 1958 T 10.9-13.8 293 Same as above.

22 54 McC rthy, D.E. 1963 T 2-50 298 Synthetic crystal; 5 = thick; polished to flatness of seven frin,;.s
on both sides; data extracted from a curve.

,



TABLE 9. SUt2ARY OF MZASUREMENTS ON THE TRANSIISSION OF LIthIUM FLUORIDE (continued)

Data Ref. Author Method Wavelength Tcmperature,
s o . .A t o ~ )Y a S p c i f i c a t i o n s a n d R e or k s

Set ,o Used Range, .m K
Ko.

23 62 Davis, R.J. 1966 T 0.104-0.205 298 Single crystal; freshly cleaved; 1.3 mm thick; teasured in vacuum;
d;-a extracted from a curve.

24 62 Davis, R.I. 1966 T 0.104-0.205 298 T- ,bove specimen measured after 20 months storage in a chemical
desiccator.

25 62 Davis, R.J. 1966 T 0.104-0.205 298 The above specimen measured after 2 minutes of ultrasonic cicaning

in absolute ethyl alcohol.

26 62 Davis, R.J. 1966 T 0.104-0.205 298 Polished; 2.0 m thick; measured in vacuum; data exracteJ from

curve.

27 62 Davis, F.J. 1966 T 0.104-0.205 298 The above specimen measured after 1I months stor.ge in :controll~d

environment (tumidity never exceeding 95 K).

28 62 D,.vis, R.J. 1966 T 0.104-0.205 298 The above specimen measured after 2 minutes of ultrasonic cleaning
in absolute ethyl alcohol.

29 63 Jones, D.A., Jones, 1952 T 5.00-7.19 298 Single crystal; reflection losses eliminated and trans7ss!o; -
R.V., and Stevenson, justed to standard thickness of 1 cm; data extracted frcn a -o.

R.W. curve.

30 64 Laufer, A.H., Pirog, 1965 T 0.104-0.145 299 Single crystal; obtained from Harshaw Chemical Co.; freshly cleaved
I.A., and Moneby, J.R. specinen; 1.5 rm thick; stored and measured in vacuum; data ex-

tracted from a curve.

31 64 Laufer, A.H. et al. 1965 T 0.105-0.145 336 Above specimen and conditions.

32 64 Laufer, A.H. et al. 1965 T 0.106-0.119 374 Above specimen and conditions.

33 64 Laufer, A.H. et al. 1965 T 0.107-0.109 407 Above specimen and conditions.

34 65 lHeath, D.F. and 1966 T 0.105-0.300 298 Synthetic crystal; obtained from |1arshaw Chemical Co.; optically

Saher, P.A. polished specimen of 2.09 mm thick; measured in v.,cuum; .ata ex-

tracted from a curve.

35 66 HcCubbin, T.K. and 1950 T 109-486 298 Specimen of I mm thick; data extracted from a curve. b

Sinton, W.H.

36 67 Bolot, G. 1965 T 0.105-0.350 298 Pure LiP, 0.82 mm thick; data extracted from a curve.

37 68 Linsteadt, G. 1964 T 1.0-10.5 50 Single crystal; specimens of 1.02 mm thick and 1.27 cm in diareter; 1

data extracted from a curve.

38 68 Linstedt, G. 1964 T 1.0-10.5 85 Similar to above.

39 68 Linsteadt, G. 1964 T 1.0-10.5 300 Similar to above.

40 37 To-iki, T. and 1969 T 0.104-0.193 298 Single crystal; obtained from Ikirshaw Chlcical Co.; fres-ly ticved

Miy'.,ta, T. specimen of 0.221 cm thick; measurements mode in a v.lcuu; data ex-

tracted from a curve.

,-

(
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TABLE 9. SL'-O.ARY OF NEASURE!ENTS 04 THE TRANMSISSIO4 OF LITH- FLUORIDE (continued)

Dara Ref. Author(s) Year Method Wavelength Temperature,
Set No. UsedoRaIeYear Specifications and Remarks.40. Used Range, wa K

41 37 Tomiki. T. and 1969 T 0.104-0.210 298 Above conditions except for apecimen of 0.200 cm thick.
Mlyata. T.

42 39 Mead, D. 1974 T 43.8-438.6 6.2 Single crystal from BHD Ltd.; hand polished specimen of 1.2 on
thick; data extracted from a curve.

43 39 Head, D. 1974 T 76.1-448.5 99.7 Above specimen and conditions.

44 39 Head. D. 1974 T 133.5-535.0 290 Above specimen and conditions.

I-
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TIABLE 10. P26H&.7AL DATA ON~ THE Th.A-3SMISSION OF LITHIUM FLUORIDE

L1Wavelengzh,. A. um.; Temperature, T, K; Transmi1ssion. T)

A T. T T 7

a14N Sit iATA ST57 zf(ONT.) DATA SET 3 (CONT.l I ATA SET 5 (CONT I DATA SET 7 DaTA SET 8 (C.T. I
T z ;83.a T z 77.U

Z. 83 4.689 6.34 Z.644 4. Y' 0.943 8.63 .l
1.88 4.344 2.6.) -$2L b...5 9.403 4.39 L.93? 6.k:3 C.9-5 8.3? C.218
2..9 3.443 2.89 .847 -9 * j 3.746 s .25 0.926 6.2.. C.926 5-.! 4..b

-. .b74 4.677 5.eG,';0.4 .. 5
!.7'.' .3 .87 4.9'1 5.9i L.A. ..847 3131 DATA 9

5513 -. 83 L.857 7.0 3.572 o.24 G.769 7.07 6.79.. T 2,)3.6
F3 , .5 5.1 ,.87,. 7.22 4.516 6..s L.6.5 7.22 C.77,

5.; 3.337 ti.s ; 6F,71 7.3S 3.467 to.i 0. C12 7.34 4. P3 :i.54 0.644.
,. ;.2. 5.1z &~.Svi 7. Z-6.17 6.72 G.560 7.-7 0. 717 7 2.7 3.Ik

--1 .3o 0.6J 1,.M.o ? ^. 3:i6 .Ao &.494 7.6c C.6836.2 *..
7..7 4.13i2 6.32 U.73i 7.72 4.231 6.i9 ;.1 7.69 Q.6'-o 6.2o 3

* :.3;3 -5.2 ;.615 7. 64. J. .25 1. . U. 7 7.d3 6.5.7 .i., 4-.5~
76'~~3 .7

6  
w .05d 4.. .1%1 7.21 ; 1.296 7.97 9~.43S 0.6. '.7-59

7.". ;.4t, b.91 C.809 7. 3Z2 1.25C 8.07 4..5J 7.07 4..9
S.. .1 7..7 v.554. DATA SET 4 7.44~ 4. 2.3 8.7 4..Le 7.30 6. t,
3-1 , 7.2. u.47. 195.3 7.i7 G.150. 8.32 C.393375
ii 3i. 7.42 , .304 7.7. C.116 d.45 1.37. 75 .2

'J. 2. 313 7.5? 7 .21b 5. 5. 0.937 Z.5b C. '7 A.S ... ?.
4.--c -.73 1.7, .285 i.75 ill 0A 2T A SET 6 6.7c c...6.. .~

.2 .. ? 7.9, 1.162 5.)s5 C.882 T - 573.r, 8.81 Z.33. 3.03 1.173
).56 ..3.1 6.,3 6... .;. 4.1t36 6.95 Q.322 6.87 ".13
J. ?i 1.i5. 8.24 '.I3b f,. 33 9.749 4.51 C.928 9.4'9 4.31) 9.12 0.123
16.Cl .1;71 8-3 .,.175 6-5. 0. 753- 4.74 L.915 9.20 (.31..
16.17 ;..ZB 8..): .. 06t b.58 6.713 .499 L.9.1 9.32 0.a76 0172A SET 13

.o .;9- 1.3?7 6.136 6.83 3.6L6 5.53 Z.E6
W.o ..?; ~ .7 1..3 . 4.525 8476 C.743 OATA SET 8 6., . 9:. S

1187 .. 357 7..9 0.496 5.98 L.641. T - L95.0 5.73 S.46?
DATA SET 3 7.e -c, .4.3 6 .24 .5&? 7 .. 1 .. as.

3,471 SET 2 T a 77.. 7.32 j.369 6.34 b.2 .Z3 0.920 0.26 tla7z
T ?63. 7..6 0.3.16 6.,.. .37? b.28 6. 691 C.57 ..oil.

4.51 Z.961 7.56 3.212 0.56 6..13 6.5? 4.55. 6.53 *.530
I:. .7o w.o 1.7 .1 6.72 0.265 6.53 4.6L, 7.~ 47 70

0- 4.93 ':9b 1 7.64 .169 .84 G 199 7.c?1 1.33 7.32 ..j?6
2.53 W..si ia . 2P .9.38 6.36 ..153 7.32 C. 6F ?.855 w~z69
2.46.. ~ . Z 5.51? A;.949 D272 TA T 5 7.11 6.11.1 7.5 6.3 7.83 6.168
2.07? -19 5.'.. u.36 T - 233.1 7.19 Q06 7.83 C.4864 5.19 .,.1.6
2.73 3.091 6..:. v.51. 8.c5 G.163
2.7.. ;.ci 0.25 W.8045 4.51 0.9.9 8.34 C.36..



TASLE 10. EXPERIMENA DATA ON THE TRANS ,1?SIO:; 0F LITHIUn FLUORME (courinueu)

34TA SET I& GAtA SET *31;CNT.) DATA SET 151CONT.) DATA SET IOCDONT.) DATA SET 15 ICDITb OATA set 2;(r,3hT.)
I .. 77.0

7.i C.555 8.72. 0.1435 1-1.6 L.5v9 8.$. 0.753 12.44 3.6
0-3 ~.lo 7.53 ..6-6 6.98 3.945 11.13 Z.541 9* . C.122 12.7. 6.217

1.: I.li7 3.0i .S.j 34.Zl ).7.6 .1.69 0.111 1..65 ..
6.23 .73 6.91. C .33 10 .46 0.719 DATA SET 2.7 1.2.13 4.655 14.2Z 2.1y?
4S.156 . 035 9. 1 2. 138 :.,. . .6,35 T 293.; 14..i
5.T, 3.if 1 .34 .361 lu.96 Z.659 DATA SET i9
6.9c . 9.. .of Z.2 89 :i.2.o a o. 9 h .5. sa , 7 - 77.4 .,7 SZT 1;
6.'. S..i2.o c Z 6 21.46 4.157? ?.75 J.996 T 4 u 93. 6

9.95 Z..3.3 CATA SET 14 ii.41 C6.254 8 .5o. 4.862 IL. 07 0. 7. 1..D A
7

I.. as J.OZ T - 573.4 1..4 4.16? 6.8849 5 1. . 7.o0i±3.?

1Z.72 Q.13l. 9.J9 6.63L. 11.95 C.f2.i V.'..lj 5.37.
JTA S.1 -2 ., .. 9 10.9)6 3.126 4.3 .Z 12. .i L.6± 2..5 C . 5

lv- 13-12 J.2.33 1..69 ?s .. 4 .C6

tCa 13" .Ia S.3..S L. .2 t

7..5 1.-111 ?.37 v.bdb 13.94 4.102 1134 4.564 l..2 r.3?? 12.94 65.1.0

7.39 ..iii ?.63 6.644 14.21 O.Cbl 15.64 t.s21. 13. .f* G . 311 ;. 4. .066

7.04' 5.76. 7-3. u.53. 1..68 ..46- 13.7s (.39., 15.'.. 0.5 70
7.479 3. -1.2 8.l5 4;. DATA SE! 1. .1.1.. L.3. 13.98 U. !5, 6 .?, Z
S. .5 . . 63. 1..v, v.33 z T -195.1 1.21.37 1..33;. 14.21, 4.331'
8.42. .. n .*5 .2d ;;. 5 i, 1... 4.i4S 4:T. IL! 2
a.. . .v.. 8.9. 5..Ca Y.S1 3.93S 1;.. 69 0.18 6 ±...74 91 Is 1 96.
a.;,. . 9. ;.b Lb4k 7.7 . i9 ?,4 S! 2. IS . 17 L.. 93 3. 121

,t ;.,55 q.36 ... 7 6-3 .904 a 2.41 0 . C6 3.5-13 4.1.C Z... 0.i3l)

-).or ..!Is 8.56 4.867 DATA SET 41, S-4. 9.913
9.45 06- DTA SET IS 868 3.P,76 DATA SET is I - 195.0 b.b. 64

. 3 .Ldi 7 74 .. 2.676 T a $73.4 8.3., 4.432
3.. .659 2..6 . ?

3ATA. S4? 13 r7 .1 0:955 9.S7 J.644 r.49 L.85'. l.l.0 L.U57 0;.7 SCT 23
T 7 69). 7.7 .942 S 5Z r.76 7.?4 C.8?2 Il..? it. U;, 7 a z98..

:.o3 4.90? 2.1.67 4:7,. 7.9 0.43 :.7. 47

b...3 4.915 8.52 Z.9z5 A;.6 4.61 a 4.57 .9011.19 4.43? .. 1.9 0.358



TABLE 10. EV.PERIM.EiTAL DATA 0ON THE TRANSMISSION OF LITHII 1 FLUZORIDE (con~tirnued)

XI 7

E T*5 ZSId3?~ ZAASE 5^.WTA SET 27(C%.36T SET~. 3. (937 AT SET. 34 0411~ 'L 3 7

,: 3. Z ~ ..SET 2 0 .76 Z.1.i9 0..3. 4..13i .- ' ~ ..

19 -.3O .. 3 731 J.11.9 1.8663 Z4 -:74. -0

-1, -. 37 0T * 3. AASET 32 u.45 .9.9 k3Z .,7 I.,1

L.32. 3.30 SETT 2ET S.9 C.1 .6.113 C.31 Z. 9*d7q

~.I..18* a ... ? T.6 -.±~ 336 B .6 S.34

l..J 6.6 o9 .263~..6 C.. Ci - .. s
*.1? 3.13 7.1 -. 2. SET7 SE63 1.5 6. t4.i

I U. ... Tj .5 1531 5-147 6 L.j .4z 5*5 6 -) .. 4 J1

*..7. .c51. b3 D3. 68 D.2. D 6.. . . .~ e ..59 ".'

7 .= ~ 2b 6.313 175 293 .7C.12Z s573i£5. 0,

.308- 83 73 34 .;.kg C .84 4 1- 5 S9 is

L -4-

/-5 5 7U.; 6 L9 4 . 7 I

4i ~ .'.. - - . 673 -. - . .- - -C T SE 29 .1213--- - 2 Z-. 1* - -- .i '



TABLE 10. L-XPERZMENTAL DATA ON THE TRANSMISSION OF LITHIUM FLUORIDE (contcnued)

DQTA Sz-T I5SIDONT. DATA SE T 37(ZC4T. D ATA SET 3 6 C CNT . I AET. SET 43 DATA SET 4;G(JflT.I CAT. SET .1 (DENT.
T 2.

2.s 7.31 C.1.6 7.9? C.5e7 C.;771l (.397 G-47-1 -. !
441. 7.5', . 6 06L a8.:.3 .5S 6 O.11-4 C. aD a.194!8 5.9a E.,c 2.klE

- 7
T

! 77 .568 a 3.c2 C-ie k 71 DATA SIT ~
T7.s 5 .752 18. 6 -- 3. '.3 lil-. I. =2 234.5

1. 37 .. ,C7 1 .371 I.L J±5 . C .24C 2X?

:.t, A 8.T.41 1.7l 9.1,? G.!9. 5 ±Z5 C 5.!84 0 . C 4. C..2

Z~v9 .:i5 .62 -352 9.34 .32 8 .1.1057 t, .U. 4.1 Z.,& I.

* 1.3* L.-E1t 3.5. 3.239 J.;c6c C..65 t.-U.7 b.± t.. I i14

77 -. .. 1 .. .21 -7,7 5 c. E U..L5 I .. 33 Z.TA SET .4
3.9 4 .9 i. .co-. J.:117 1.525 C.3~ .213 T .

7i .j. L.j, 1. 0.c.8 J.23 D.534 2.:56 C. 33,
.. :2 -7;. i.5. 4.23s J-1,692 C.5345 g.is~d c . azi 2S. s.5

;. .. ,! 9.od .4ob7 DATA SET 39 4.z±33s (.5s. 1l63 C. 3.2 S4 .I 1.2 4

14 s.Sr% lT= .3j.c. -915 4.1. 6.1 (. 1.- L 4 3 530

4T T C38 4.11.m .Z~b C.588 v11 . L 1,) J.

.. c.4

335 ..35 .73 I3-I ; 6 L C.sEC E. 23 s.'. 9z- 5
S . 36,J 1 L 33.92 4.35j.126La5 Z C.7 g.12Z A .. &3 4.I.s

-~ .- 3 6.39 o7 3. 36,3 0 bS t 123eo . 4 .q_! 5.

,.37 9' 7.44 3 ~7 * 4 .kL4- L.1?4 Z .4o J

r1 i o.I 9 7.65 1 .. ;5 o5 u 73 v?±9: C.±i3 ..
1 3 . u. .83 8 b.3± .34 L±3 .6 u.45, Z...4 36

* i4 09 b9.o i.o? 3J.0:5 .391. .;.6 C5 .36.5 .577

z. . 2 .- .. 2'5 ... c.28 C.369 (.,3173 3. -%

6 7 7.36 .. t746 9.55 312 . 164 c683 L.-%.9 ;-.?. T - 99.7
6e144 7.5; .. 65L 1.6. Ld 3 .!*1b3 t-.68'. .142s C. 6

0.3 .033 7.34 t.2 8 ±. Z2 J.e.53 4..t . .694 4.±. . 41 7?..,- A1
a . 57 7 ..; 56a .~24 0.C3. vu:7&8 L .891 0.1452 J.7 76.c ..

. i .?i. 7. 51 6.553 .73. C.896 ,.;462 0 .523 al. J±



'CABLE 13. EXERIE1\AL DATA ON 'HE TPANSMISSION OF LITHIUM FLUORIDE (continued)

T

GATA SET 63(IQNT.)

56. 9 .2

9.l1. ... 2

965.9 .7
;...

1 j. 4.7,

3.-.3;,~ B. Z.

S " & i. .. --..z-

77

9



TABLE 11. PEAK POSITIONS (Xmax) IN pm AND HALF-WIDTHS (W) IN eV FOR THE F, R, M, AND N

ABSORPTION BANDS IN LITHIUM FLUORIDE*

Interionic F band RI band R2 band M band N bands

dist., d Temp. W X X X
(X) max max max max max

2.01 RT (0.2 54)t (0.295) (0.320) (0.416)
0.245 0.74 0.306 0.376 0.444 N 1 : 0.520

0.248 0.76 0.308 0.378 0.445 N2 : 0.540
0.249 0.7 0.310 0.380 0.447
0.250 0.313 0.450
0.257 0.316

NT 0.242 0.47

HT 0.243 0.58
0.43

* Values were taken from Ref. [69].

Values given in parentheses are calculated from the Ivey relations (70].

F band a - 703 d
1
'
e
4 for NaCI structure, X max 251 d

2 .5 
for CsCi structure.max max

RI band X = 816 d
1" 4

max

R2 band X - 884 d' -
4

max

M band A - 1400 d
1 "

6
max

t .
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TABLE 12. RECOMMENDED VALUES ON ABSORPTION COEFFICIENT OF
LITHIUM FLUORIDE IN IR REGION AT 300 K

V, cm1 Jim Absorption Coefficient, cm-1

Intcminsic* Observedt
Intrieic* (Selected)

l.lOOE+03 9.09 l.6F+l
1.191E+03 8.40 8.9IE+0 9.9E-O
1.240E+03 8.06 6.5E+0 7.8E+O
1.292E+03 7.74 4.6E+0 5.6E+O
1.346E+03 7.43 3.21+0 3.6E+0
1.395E+03 7.17 2.31+0 2.5E+O
1.449E+03 6.90 1.614-0 1.514-0
1.497E+03 6.68 1.2E+O 1.3E+0
1.550E+03 6.45 8.6E-1 9.3E-1
1.605E+03 6.23 6.01-1 7.01-1
1.658E+03 6.03 4.2E-1 5.OE-l
1.701E+03 5.88 3.2E-1 3.4E-1
1.751E+03 5.71 2.3E-1 2.4E-1
1.802E+03 5.55 1.6E-1 1.7E-1

1.887E+03 5.30 9.5E-2
1.901E+03 5.26 8.7E-2 8.21-2
1.949E+03 5.13 6.3E-2 6.2E-2
2.004E+03 4.99 4.4E-2 4.2E-2
2.101E+03 4.76 2.3E-2 2.lE-2
2.203E+03 4.54 1.2E-2 1.lE-2
2.304E+03 4.34 6.2E-3 5.9E-3
2.400E+03 4.17 3.3E-3
2.500E+03 4.00 1.7E-3
2.600E+03 3.85 9.01-4
2.632E+03 3.80 7.3E-4
2.700E+03 3.70 4.7E-4
2.800E+03 3.57 2.4E-4
2.900E+03 3.45 1.2E-4
3.0001+03 3.33 6.6E-5
3.704E+03 2.70 6.7E-7

*Intrinsic values were calculated according to Eq. (23)
with uncertaintiea about ±10%.
tValues in this column are the total absorption coefficient

which are either lowest reported or those used to define
the constants in Eq. (23). Uncertainties of these values

are about ±10%.
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3.2. Sodium Fluoride, NaF

Sodium fluoride is less hygroscopic than the other alkali halides, with

the exception of lithium fluoride. It is transparent over the same range of

wavelengths as calcium fluoride, a wider range than that of lithium fluoride.

It is deficient in its mechanical properties, but it has some uses in cases

where a particularly low refractive index is desired. It can be easily evapor-

ated as a thin film and can be used as reflection-reducing coating.

Available data on the refractive index of NaF are not abundant, mainly

because of its mechanical weakness. The ultraviolet absorption region was

investigated by Sano [71], the transparent region by Hohls [29], Harting [30],

Kublitzky [72], and Spangenberg [73], and the infrared region by Randall [74].

Zarzyski and Naudin [75] obtained n for molten NaF for the Hg green line at

a temperature of '273 K.

Li [33], in 1976, reduced the then available experimental data on the

refractive index to a common temperature of 293 K and after careful evaluation

and analysis adopted a Sellmeier type dispersion equation to calculate the

refractive index at 293 K in the wavelength range 0.15-17.0 pm:

n - 1.41572 + 0.32785 X
2  + 3.1824 2(24)

X2 - (0.117)2 X
2 

_ (40.57)2

where X is in units of pm.

Investigations of absorption coefficient for practical applications are

generally classified into three wavelength regions: the ultraviolet and the

infrared limits of transparency, and the transparent regions. In the ultra-

violet region, the purposes of the studies were to investigate the exciton

states in the crystal and to determine the Urbach-rule parameters.

Tomiki and Miyata [37] performed reflectivity and absorption measurements

in the intrinsic wavelength region of cleaved NaF samples to clarify the thermal

and spectral dependences of absorptions in the tail region. Effects induced

by the ultraviolet radiation were observed. Sizable changes in transmission

and reflectivity were observed during the course of uv exposure, suggesting

the specimen underwent some kind of damage by the radiation. For this reason,

experiments were conducted on freshly cleaved specimens. The absorption spec-

tra of a Harshaw NaF plate of optical quality, displayed broad absorptions

...
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around 0.14 pm due to impurities. However, it showed an exponential absorption

tail in the highest energy end of the spectrum, 0.125-0.127 pm, where absorp-

tion coefficients were higher than 50 cm
-1
. Since the tail spectra of intrinsic

exciton lines as well as of impurity-induced exciton lines equally obey the

Urbach rule, the fact alone that a given tail obeys the Urbach rule does not

always constitute in itself a criterion with which the tail can be judged as

intrinsic or extrinsic. As evidenced by the broad absorption band around

0.14 Wm, the observed tail of this specimen can be regarded as an impurity

-bsorption tail. Sano [71] also investigated the Harshaw NaF single crystals

at 78 and 300 K in the spectral region 0.104 to 0.21 pm. Results similar to

that of Tomiki and Miyata were observed; namely, broad and prominent impurity

absorptions followed by the extrinsic exponential tail. The dependence of

the experimental band tail on temperature was compared with the theoretical

curves for the intrinsic Urbach tails:

i = a exp[-Os(T)(E -E)/kT) (25)

and

7 (T) = tanh-Te cs hf 2kT

The constants, E a .d c o are the coordin ates of the theoretical cross-over

point. Sano estimated cross-over point for intrinsic lUrbab ait at (,0.70 eV,

10" cm-'), u = 0.69 and hf = 16.5 meV. Chemically purlfie. and zone refined

NaF single crystals were prepared and measured by Faidvart et al. [761 in the

vacuum uv region at temperatures 100 K, 190 K, and 298 K. The reduction of

concentration of OH-, Cl-, and Br- impurities, through the pur'tcation process,

resulted in the low absorption in the region of 0.13 to 0.16 u. The speci-

mens were placed behind the exist slit of the optical system ir irder to avoid

the irradiation effects. Their experimental results indicated a theoretical

cross-over point at (10.70 eV, 10
9 

cm
-
1) in agreement with Sano's estimation.

As the extrapolated experimental .osorption curves directed towards a common

cross-over point, even at low temperatures, they concluded that the aoorption

is intrinsic.

Tomiki et al. [77] reported absorption coefficients of NaF at 29 K on

the lower energy side of the lowest-energy exciton peak. In this spectral

region, absorption rises with increaring energy first exponentl &lly and sub-

sequently non-exponentially forming the lower energy branch of the asymmetric



71

Lorentzian shape of the main peak. This feature owes its origin to the fluorine

ion.

In the laser wavelength region, Harrington and Hass [78] investigated

the temperature dependence of multiphonon absorption at 10.6 Vm from room tem-

perature to 1110 K for NaF samples using transmission measurements with a laser

and power meter. All measurements were carried out inside a stabilized oven

on samples polished mechanically, followed by chemical polishing. It was ob-

served that the absorption coefficient increases monotonically and smoothly

with temperature and appeared nearly as a straight line on logarithmic scale,

as anticipated for the near-intrinsic abosrption of the crystal. Since the

absorption levels of NaF at 10.6 pm are in the order of 1 cm-1 , it is suffi-

ciently high to be ascribed to intrinsic behavior.

Pohl and Meier [79] studied the absorption at the wavelengths 9.3 pm

(1020 cm-1 ) and 10.6 pm (943.4 cm- ) in the temperature range from 4 to 400 K

on two samples of different purity. One was grown by standard techniques,

with exposure to air, the other was grown in an argon atmosphere. Thus the

main difference between the two samples was the concentrations of oxygen-

containing impurities, whose effects on the absorption coefficient were revealed

by an almost temperature independent amount of 0.25 cm-1 higher at 10.6 Wm and

by 0.30 cm-1 at 9.3 pm. Being about of the same order of magnitude as the

total absorption, the impurity induced absorption masks the intrinsic temper-

ature dependence of the impure sample in the low temperature region. In the

high temperature region, however, the discrepancies between the two samples

became less significant as the total absorption is considerably higher than

the impurity absorption. As a consequence, data from both of the samples agreed

reasonably well with the results of Harrington and Hass [78] which are slightly

larger by an almost constant difference of Aa = 0.09 cm-1 than those of the

second sample. Similarly, at 9.3 pm, Klier's results [41] are in line with

the above mentioned data. At both wavelengths, three distinct temperature

dependencies can be clearly observed: (i) a constant low-temperature absorption

in the region T Z 150 K, indicating negligible occupation of phonon levels,

(ii) the increase of absorption in the region >150 indicating phonon population

rising, (iii) eventual compliance to the power-law, increasing at T > TDebye.

The infrared multiphonon spectrum of many ionic crystals is characterized

by a uniform, almost exponential, decay of absorption with frequency. A key



72

to the experimental identification of the various multiphonon processes is the

temperature dependence of the absorption. The larger the number of phonons

participating, the steeper the increase of absorption with temperature. McNelly

and Pohl [80], in an attempt to split the exponential wing of the restrahlen

band of NaF into the component phonon absorptions, systematically measured

absorption coefficients in the range 6.67 to 16.67 Jim and 100 to 850 K. Ex-

tremely pure samples, which were believed to be intrinsic as evidenced by the

very small absorption at high frequencies, were employed. Although their studies

were able to separate the resultant absorption spectrum into component phonons,

the observed absorption spectrum does not indicate distinct peaks.

Figures 9 to 12 represent the available data. The pertinent information

on each data set and the corresponding original values are given in Tables

13 to 16. In addition, for completeness and comparison, available information

and data on the reflectivity and transmission are also presented in the same

manner (in Figures 13 and 14 and Tables 17 to 20). For the visible and near

visible regions, Table 21 gives the spectral positions of the well-known color

centers. Noticeable absorptions are likely to occur at these centers when

the crystal is exposed to ultraviolet, x-ray, or high energy radiation. How-

ever, these absorption bands may disappear at high temperatures or by appro-

priate radiation exposure, as a result of the so-called "thermal and optical

bleaching."

In the multiphonon absorption region (shown in Figure 11), the absorption

coefficients vary linearly with wavenumber in the semi-log plot indicating an

exponential relation -V/V
aOae (26)

In this region, Hohls [29] measured absorption coefficient of NaF for the

spectral range from 7.5 to 24.0 pm at room temperature. Klier [41] reported

his results on NaF in the range 7.9 to 19.1 jim at temperatures 79 K, 293 K,

and 573 K. When compared with Hohl's results, a close agreement is observed.

P wever, we found that their results were not adequate to define the constants

in Eq. (26). It was based on the results of McNelly and Pohl [80], the constants

were found to be v - 79.5 cm- and a - 6.1053 x 104 cm-1 . Details of this0 0
finding are given in the section entitled "Summary of Results and Recommendations."



73

The recommended values given in Table 22 were calculated according to Eq.

(26). It appears that NaF has high intrinsic absorption at 10.6 tim. However,

if Eq. (26) holds in the region <5 pm, the intrinsic absorption there is lower

than 10- 4 cm. However, like most optical crystals, one expects to observe

an absorption band in the range between 2.6 to 2.8 um due to the hydroxyl ions

in the crystal. This absorption band can be eliminated through improved crystal

growing techniques. It should be noted that the values in the column "intrinsic"

are the lowest limits that one can obtain for ideal samples. In practice,

the observed values are generally higher than the limiting values at low ab-

sorption levels. Unless values are reported in the "observed" column, the

limiting values are considered as guidelines for estimation and investigation.

Although it was not the intent of this work to compile and evaluate the

absorption data in the vacuum ultraviolet region, for the purpose of providing

the reader with a total picture of the available absorption data, a plot of

the available data in this region is given in the Appendix of this report.
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Data
Set No. Symbol T,1C Ref .

10 ~ 5 10 298 [76]

6 0 190 [76]
7 A 100 [761
8 + 78 [71]
9 x 295 [71]

10410 0 29 C(77]
1012 + 298.5 [37]

10
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10 0
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Wavenumber, cm'

Figure 10. Absorption Coefficient of Sodium Fluoride in the Urbach Tail Region
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10

Data

Set No. Symbol T,K Ref.

1 0 293 [29]
2 2 0 77 [41]

10 3 A 293 [41]
4 + 573 [41]

11 X 100 [81]
Read from 0 300 (80]
Fig. 12

10 17
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0 o_ _0,

o-o

U 10

0

0.
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Figure 11. Absorption Coefficient of Sodium Fluoride in the Hultiphonon Region



TASIEl 13. S4M_1I1RY O.1:A LIII T O-N11 rhf AIS TOx CoEFICEN OF W SOIU FURID (Wavennoer hprdn)

Ref. Author(s) Year I e..eatr Seiie, I.oadtcd ~

1 29 1johls, Ii.I. 1936 T 41.6s10
2
-1.34x10

3  
293 Crystal; grow.n by the iyropoulos rethod; 14 plate sn-.-..ta m

of thicknesns from 0.024 to 10.62 mr. absrpionco effidlen-S
determined from transeission measurerents; data extracted from
a fibore; temperature not specified. 293 K assumed.

2 41 Mi1er, M. 1958 Rl 5.24x10
2
-1.06xl0

3  
77 Crystal; absorption-coefficicnz data d..Cucod frorcf cctivity

and transmittance measur-:cnts or. sjceimens of various thick-
nesses; data extracted from a figure.

3 41 Klicr. Mi. 1958 R 5.7x10
2
-1.122x10 293 Same as above.

4 41 Klijr, M. 1958 R 6 .06XslO'-l.26xl() 573 Sane as above.

5 76 F*61dvari. 1..* 1974 R 6.i6xlO07.94xlO' 298 Pure sinaie crystals; chc-nically ptirifid and zore r <Incd;
yoslka. h., and freshly cleaved epectmens of 0.2-6 mm thick; absorption ccol-
Raksanyi, K. ficiont d1.ta1 eXtracted from a figure.

6 76 Fildvar,r I.,* ct al. 1974 R 6.46xl0*-8.lxi0' 190 Above specimen an,:. conditions excopt at a lc.osr t-.ert~re.

7 76 :*he,!ri,. I., Ct al. 1974 R 6-.1~s0'-8.3.10' ~ 10 Ahove spocinen .and ConjiLtons except at a lacerte,,.r.

9 71 Se-no, iz. 1969 R 7.66.10'-8.7.10' 78 %ini;lc crystal; ohtained fro. the Ilroa C.iea i .
cleaved spcimens of 10 cim x 15 m x 0.17-2.50 i :rx
1-i roely ; a thinner specirnen of 0.08i tr hicknzs3 urc.' for
absorption mnsurerient in the ran~e of absarpt~on cac'fta-
cicot as high. ax 10' cx m 5 x 10* cm -; datca estraCeed fro=
a figure.

9 71 Sano. R. 1969 R 5.0.10*-8.7.)0' 295 Similar to above except at a hib-h terspvratur..

10 77 Te-iki, 1., 1974 R 8.53xlO'-8.62xl0' 29 Single crystals ojotajocd fro,, the Hars'.,w fCho.dcal Cr.; ab-
T .. and sorption codfficients dcdure! fro, reflection specrtrot daza

1sukamuta, 11. estracted rios a curve.

1U 8! Beck. H. .nud 1975 T 6. IXIC -l .lxlO' 100 Singlo crystal of oxtr.re purity, no !udiejt ijn of .,,.y -. r-
Pehi. _.W'. sir ;-serpiloo; s.c mrso 54.98 enm aad 3-92 _nr thi. ; .h-

sorption meajsured by mveans of inifrarcd sp..ctropIhntcmetee; 'i'ta
extracted from, a fi::nre.

12 37 Toniki, T. .-nd 1969 z 5.2x10*-8.0x10
5  

300 Sinitl.e CUYstal; ou raviolet qtil ity from thre VIareiao ;. 0--jal
Ttaa . Co.; fr,,s!is- cleved syve ir-a~s for .!1rM t - L 1 !c i at 1 ,V

Ww' 100 cmn ; spccim-as f~.r hi:;Irer ;ibserqi- eayes:.rJ in
v.acoum by meltiiin the fI !es of cry.,t.0s beteeca tea ;le
glassy rarhoit ;iad pressed; rvt let ion and tran,nnisioa tpeett.
obtoined -in, ibisorption coefficcints C!CLrmincJ; dot., estr.c-
ted from a figure.

"'NJ



TABLE 14. EXPERIMENTAL DATA ON THE ABSORPTION COEFECCIEN OF SODIUM, FLUORIDE (IWavenurnber Dependence)

fWavetiwzber, V, cm.' Temp~rcture, T, %; Absorption Coefficient, a., cm-

aL v CL v 3 v al v Oav

iA z LT I. DATA SET 1(U ZN4.) DATA SET 3CC0C4F.) 3ATA e SETICONT.) DATA SE T (CCNT.) DATA SET (cEKt.)

*.33.2 a.a'ut*2 9.551---2 9.73: 6...6dE#2 4.659E.: 6.579z-#4 1.3C4E.L 3.Z31E*4 .3 *2

-. i, * E.? Z3 ..c5 *2 3. tZ 9 3. i71:- 2C.'h* SE3 E -! .*~ 4 B .21lEi*4 3.23E 42
- Z. . 2.3 .3 e .5-L- .. .. t . 7eE*2Z 2.3'3~ 7- 3E3. *AT SC 7!7 S.2k. 5.

-.,L' .3_7-I. ... i27?.,1* .373E*i. 7.9)373*' -. 6Ct*1 8..7:.*. .37?Er
35.14- .e5i- 2 :.SE3 7. OnS .2 3.794t-#2 7.536*' 2.8I.LE-1 S. 2lEI-* 2.S5-tE&: S.123E+'. 7.C79E'l

'j +te &. E; *C .. 1E2 3.3$E' C 7.83E*' 1. 33E+ 1 8.E2:3 E4 1.-9;a a .C2!E** '6.8SE'li
oJ.o* .. ~. .ATA SO1 C: 7.284+? 6. 5 *.E# t 7 .8123.4 8. :6OtE.3 5. 177E+4 9.8C.,E-z 7.3?Ztt4 4.2.E- It
:.fl~iT e=..* 7 t.L 7.5,2 7-.71x*( 7.7'jtEs'. t.82..E*G 6.1ZHE. 9.4(GEc .24.C#2.1;4

7. eo:~ 5. * L.L73-.AS 3&clZ 6.6l....2 1.112E+ 7 7.3c*4 5.23' 8.333 . I.'C. 7*3 ?3W' 2.E24K3EE.1

7..+z . 7 I..~3 5t L-1 6. '. - 2 2.3115E +1 7.'4,A3*t. 4. 3 CC i . -E!-''+. 5. Ztu C 7.Td .8i*. 2 . E .5E #

A. .. *;.to* .C55 5. S56#2 2.d:2E-i. b.9)IE,' 2.oEtLE'O 7.44.6164 '.1223*C 7.661E4'. 2. 2231E*
3.~; *c3 a ;. C S.3.2 .. 3Z t' S. 7dE-t 3.9'.OE*1 6. 149t 4 2 .3 .. iE*A 7 .2<9 E t.. 3. 9 E*.

e: o...bZ 6- , 6.72,E#4 . .3Lt: E+ t 7. 't E+4 3. 32a t, 4A SET '3
+, e7 .0. - i. +.ct 3.-73,3 DATA 531T, 6.5793'. 1:.SL i* 6.'3'iL+I' 2.63C.. I T* 9.

?-;. . *C .3 .*t ..C1:,3 T * 573.. 6.'.6'EA .4 :.SLE+C 6.54.9E.4 a.333C '3
3* 3E 7 * 7.;. IE- -. 50z7-J 67E 2.3Zl3*C e.60.c'. 6.q933.5

3a3)?ced 4.4.c *3. 7.-. - -Z2 5.32;.Q*. 1.25:3.3 -1.637E1 3lA73 SET 6 6.5743*'. 1.SCZ33.3 S.'.svt'. 1.G3193
z# a. 43:~ ,.'.76*Z 1.!53E-3 2.49313C T - :9L.4 .A3,:Sh. 5v~' .:.

3,7 * e .. 7 ~e4 o.0
7
.LZ 5.7'.7 +3 1. litE'S 4.z 73-1 .1-, . 1*

t./ e .07.t. *C t.'..* .7831*. :..573'3 7.3373-: .aE 3.,E# E. DATA SET 8 e..2SEw. L.1AEE*6
s.o.S cc o.i ,.*1 o.25.caZ ?.9!zL* 1...3 L.1C3E*V S. '56E#. i.a7, Et1 T - 79.a S.S.. .214Z*6

i.55oz-.c. * 5.,15& *2.375641 9.3372+2 2 .;'6E* 4 8. lCt'4 9,953* SCotc* 1.5 i53'a 5 .5*'.'4 1.337E*6
5.,i d w- 5 . 73 ' 61 9.165E. a.i~ l.962r:. M.CC3sEa0.:.c.e 5.Zt' 1-c'

5..A~ .'E1 2 5.j33.±±3Le3. 6.915r. 3.1ZE+* 7. 39E+. P.6nAE#C 8.63E#4' 2.4322*b 8..iL.4 1 .4tC'6
;.-.S+C i.. .z: LJe . 93i2 01 36.-Ez - Z35- 7 .7:tC.4 t.6;4 3e0 4. EAIE . 2. 1 iE t6 8.152.E* 1.5 '7E-6

5-2t 2E~E9 C 7.c!.L. .- V3~C 6cil#,24'.i*v 3 -
7. - i~ ,#.I i..r*A -. ~ -.. q- 3 . S.5E4 CS'r

,..:33. ?.cim*1 a~2 1t z7 E.~3e 1344 7..'.oE+ 1 43*46.6 8 .58 S#4. 2.533c B-h'.1394
i. e:c -~5 ..4+!. T z 9434. 7.-3. .516i1 7.az'3&.'. 3.19Aid*6 A.'.8t i.lSS--fl. 6.'.37Et. :.52iaE't

~ .4i:6. 91-;+2 1.831*1 7 .148'E#. 3. 331* C S.-533, 1.112t. 6 6.42U64 1.IZE6
i.: ts;. ;,;.-' .:- 6.oS4E*2 #.'6' h .996E*'4 .6LCE*G S.5153.'4 . .65663,5 %5~,1.5853*6

5. 1.~ Lcin +t 1.,56L*3 3 .196L -I 6.'.'.E*2 1 .'56' +I 6.1.93''. 2. 36C E* 8 .i i E*. 2. 6 U --.5 d8. 391L+4 1.54 SE*6
,..9 .93ai* a.~c4 5. 21.E-1 6. 2363. 2 3.79iE': 6.7523*'. Z.36CE*C 8 . 4523*4 3.896q. +4 .3 75E . 1.2 6E 0

A%_a



TAbLE 14. EXPERIMNflTAL DATA ON THE ABSORPTION COEFFICENT OF SODILN FULORZDlE (Wavenunber Dependence) (continued)

vv a v a v at

IE 9 iC., -. C i A Of 3 ET 9 ("Q:. DATA S--T 1±'IZONT.) 0171 SET lk(C0NT.)

6-j.3-3 ioJ . .75 E#s 5.ISZE-L 9.b4Li-Z 1.3AsEtl 7.43LE*4 2.IZCE.1
a.d7to. O~u ,.4Sk.4b6L-I S99.---? -3.774E-2 7.14tL. Z.!ICE'
.. i, ... 39 nS~z43.5-IL-i :,4CE.3 6.7-14E-2 7.So.E*4 2.3:6t1!

5.? . J77Ei .7. .4 , c. 6441-1 1t..8LE. A'.7-;E-2 ?.6ZES.' 2. 3: E.
3.57z9;. E. 3 *d 5.t7Lt Z.~- ?.t1

4
44 2.?4t1E +

7.1 c .iL- .7,Z--- 0;,l; SET .z 7.7&:. 2 .539Z
7.3 T9 = -? .V0t' .S~- 2i3.5 7.SAkZ5s

7.-h.~5.SC+ 2 .6. !sci ac~ .. 7z 7-1 7 . 3A+4. 5.&.LE.1.

-9.~~ + 4 Z9' l.6 L 5 . 3X5. 2.ct> ..Jg54 Lt#Z

7 9.* AT 2A SE-T : 5.snCuE-+ Z.-.tj-1 7.90:E.. 3.434E-2

7.4 a. 5.3 E'. .32-i .9&Ci.4 5..9&7z+

7 9- e.; 9. oE..~'.3.335796 5. 6n;.. o
7 7 *.2.o

7 
9 6.5 n9'.....*9 5.;g.E-4 6..'7-1

O 4 73 9tZ.J.icL9o 6. 1o.4 7 . 4c1

- .~ .. o/- .t'.J~~o~95 6.23LE+,.2..3

90 3 -* 6 0 .t' e.6E6- 6.37.E-4 1.6% E+:

2 ~ ~ 1 j9j .. 416603A Z1i~ 6. ,E*' 2.;.9 E*C

9'?7-. 67j-.7 k. 6.59i.' 2.95ZE'Z

1 47 ET 6.iiE .

6 1 - i3* 6 9 L..2 S.7n4L'I 6. 95, E.. 1.214E491

b.4., . 7.. > 2-.'3 7.j7,Et.1...E

o..-3
' z0

I.7 - 7 o i - :,.+ .1 C .w~
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10-

100
0

0
" -l
0

Data
Set No. Symbol V. cm- 1  Ref.

1 1 9.434E+2 [79]

10-2 2 0 1.075E+3 [79]
3 A 9.434E+2 (78]
4 + 7.OOOE+2 [80]
5 X 9.OOOE+2 [80]
6 1.lODE+3 [80]

7 + 1.300E+3 [80]
8 x 1.400E+3 [80]
9 Z 8.OOOE+2 [81]

101 102 10

Temperature, K

Figure 12. Absorption Coefficient of Sodium Fluoride (Temperature Dependence)



TAIBLC 15. SV1"LIRY OF OA;lNFATS F lE AT.SORPpTIN fEFFo1C]IIIN OF SOV)I0,M '1 uo1 E (TIM.rtro pdorc)

h:i'f. Authh, thod n-bur Temperature S; .cifivat i n gnF.zrks

t . AUsCd Range, K

7 79 Pohl, 0.1. and 1974 T 943.2 31-390 Single crystal; r.ade from Merck Sapranuc tNar; gro.'n in an .r,n

,X1,ier. P.F. atmosphere; speciren configurations and caperimt-ntal details not

given; absorption coefficient obtained; data Qxtractud from a figure.

2 79 Pohl, D.14. and 1974 T 1.075 . 10' 32-397 Same as above.

.eic~r. P.F

3 78 Ilarrington, J.A. and 1973 T 943.4 300-1110 Single crystal; spcimen 'ith surface rc toanicilly and thecn chvzi-

H Mss. N. cally polished; absorption coefficients ercasurd by transnission
method with a laser and power meter; data estracted from a fiurc.

o80 MCNe ly. T.F. and 1974 T 700 108-843 Single crystals of estreme purity; specimt-s of 54.98 anJ ;.S2 ra

Pohl, 0.W. thick; no indication of any extr sic absorptiost; .bsorption nca-

sured by means of infrared spectrophotometer; data extraetd from a

figure.

5 80 rlcNelly, T.F. and 1974 T 900 105-849 Same as above.

Pohl, OX .

6 s0 X N, 11',, T. F. ad 1074 t 1100 200-861 S.,.e as above.

Poll * D.14.

7 80 McNelly, TF. and 1974 T 1300 207-S81 Same as above.

Pol, .1DW.

8 80 McRoly, T.F. and 1974 T 1400 221-899 Same as above.

I'QhI, U. 1.

9 81 Beck, I1. and 1975 T 800 103-845 Same as above and weasured by lc~elly and Pohl but rcported in this
Pohl, D.W. reference.

Ij



TABSLE 116. EXPLLiZNTAL DATA ON P3IE ABSORPTbON COEFIiCIENT OF SODILN, FLLO1.IDE (Temerature flF.ondence)

J'Wenumber. 'j, cm-'; Temperatu~re, T, K; Absorption Coefficient, C', cm-

T CA7OtT: T Ot T aT

~3TA SET O-. SET 0;.14T. SET 4(CCENT.) 0.4tA SET 5ooiN. DATASE s 6 6(C067 . J DT 341.E 8

.1 4-4---Zv =1.444Ew3

3-.8 2. 131).'1 3. S..-L 22b.., 5. 83.;E#& 229. c 5~;2 3b3. S 5.67 :- i: 4. a. 1. 3."L 
3

~2-. .7 2.1.5 .736.>. i se . L 6.9-r.*c 2 7 C. *C 46 -7.4 1. . t... - ~ .-- j. -,.-
63.6 2.?...E-1 a i . JoE.-L 34.4. 7 .63iE i* e. . 7.636t.-I 5i 4. 8 1. 342.4.1 3,7.. ..-

6c. Z.7.-E-1 c76b.2 R. 3MI-1 332.4 d.55aE*3 3!..3 8.4 3LE3. 67?.6 I.STI.E-l .7.4 3.19 .E3

99.5 2.7-E1.2 9: . 3 Z..3c.2. 3317.C 84.5E* 13C,. 0 9..-7 L E-1 72S.3 Z. aZ-A---1 7 .. SSU3E-3

...3 2. 73-. aio.2 .77.) 373.C G I.CI.3i~ 3:;L. j 3.3.L1 31.6 Z.994F -1 -.7-.6 i.b23-S

.e'3 i ie7 - TA SET 3 394.1 1 7j E .1 i. 1. e06 0t'3 ~i 1. 6 :4 --
.S.z 4 .: v 9.43 4* 4.6.; ;.1i63E4l if 4 1.4Z EvC U14TA SET 7 ill .6 1. 6 j -Z
;.io.Z2 3. : -- ;3u.0 1..;.6.i'41 "1 4.;. 1.2.3U.1.. v - 1.3400.3 Ili ?.5 ~. 5 9 E -2

20? 3356.9 4.b2. '62.4 i.37%i1 4..4 x..&Es&. Z. 7.. 3.LCE-3 89S.5 3.6,i-Z

44. . .3. b 37 5;. .1 saQ I.S.C E41. 451.0 2 4 271.7 634t-a OArA SET 9
e-.7 -. ~t. 5.4-~ 1.356E#3 525.3 I.56. 141 i;-. .,.i1 3,J.2 . 58 t-a

* 7? 690.0 2 Zlt..0 
5
6.

.  
L. 78.,E1 5.. '. 41 5 1I'~65.,) 1. 3o)..- 2.3..) 1 3 .i

S 5.iE.E' '343.-2 2 .3b.5t4 649.C 1. a 9&E 56i1 .c 1.781.1.4 sal.? 4. 3 C..L-3 L12 L.6CE*

6... 6...21.3 C.9 .4 2.9 ;3 E.1 I 736.L. '. 32.%.E*1. 51S5.2 1.99sw.-c 17. -j 6..Z *

,S T 843.t 2. S44 E +1 36c... 3 . 7 Z E 563.7 2.3S%,.2 ld,... 1. ?_Z V4

v - .-.. E.Z 0611 SET 5 602.7 3. a ; i-4 U ?. .9 ? L'

3i.8 2 4 Z Q32. 3ATA SET7 6 713.2 4.271.1-C ?.. .. .~#
.- 2 .. 58? 14o.. 3.q.' .6±).*E'3 788.5 5.%1A.E-L u7.

io., 1.22ig-l 133.3 4-.3.o. 22.. 3.36.2-1 199.8 3.551.8-2 663.1 .8.583-Z 293.. c...-EtG
4. .2ZS-. 25. .15.C.3 i3z.1. 4. 1582, 234.5 3. 6612.-a Zi . Z. 

6
1.^Kt

85s.5 1.1.3M8-1 .72.42 4.QlE7.+0 152.1. 4. 5 lc8 - I St. .$ 4. b? 1 34..j 2.72;ito

99. .26i- 1- & 7.3 4. Sbi. 0- 166.0 6.8838-l lQ7.2 4 71 L E-3.3 2 J. .S538.



TABLE 26. EXPERIMENTAL DATA ON THE ABSORPTION COEFFICIENT OF SODIUM FLUORIDE (Temperature Dependence) (continued)

DUB? SET 9,Z2T.1

13.. 2 .3d)'E

ti

-32. FA3- ?c*

3,. .L2:7... 3.S5iE*6

5 3.u 5. i :+
5b7.tg 5.77AE.
593.0 6.95;

8.5.s, .i6s*
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Figure 13. Reflectivity of Sodium Fluoride
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TABLE 17. SLU"frARY OF MEASURDIETS ON T3Z REFLECTIVITY OF SODIUM FLUORIDE

Method Wavelength Temperature,
Set No. Used Range, im K

No.

2 29 Pohis, H.W. 1936 R 19.8-54.1 293 Crystal; grown by the Kyropolos method; sptci~en confiurntin -d
surface condition unspecified; normal ref ectivity detmined by

using a freshly vacuum coated silver mirror as reference tt:%c.rJ;

data extracted from a figure; estimated uncertainty about !I0Z; rem-

perature was not given, 293 K assumed.

2 82 Roessler, D.M. and 1967 R 0.105-0.138 300 Bulk sodium fluoride; no information about the speclmens given;

Walker, W.C. reflection spectrum obtained; data extracted from a figure.

3 82 Roessler, D.M. and 1967 R 0.103-0.127 77 Same as above except at a lower tvmperature.

Walker, W.C.

4 41 Klier, M. 1958 R 20.9-26.0 77 Crystal; specimen with top surface highly polished; reflection

spectrum measured with a reference mirror made of German V2A steel;

data extracted from a figure.

5 41 Xller, M. 1958 R 20.5-26.0 293 Same as above.

6 41 Klter, M. 1958 R 21.4-26.0 573 Same as above.

7 b3 Chang. I.F. and 1972 It 19.5-58.2 132 Crystal; obtained from the Harsha-e Chemical Co.; specimcits cith

Mitra, S.S. highly polished surface (with or without annealing) or freshly

cleaved surface; reflection spectra measured and rep-ated sevtral

times and reproduced within 2% error in intensity and less thua It

error in band position; data extracted from a figure.

8 83 Chang, I.F. and 1972 R 19.5-60.5 215 Same as above except at a higher temperature.

Mitra, S.S.

9 83 Ch.ng, I.F. and 1972 R 19.5-60.5 298 Same as above except at a higher temperature.

Mitra, S.S.

10 83 Chang, I.F. and 1972 R 19.5-61.7 423 Same as above except at a higher temperature.
Mitre, S.S.

11 83 Ch:ng, 1.F. and 1972 A 19.5-61.7 635 Same as above except at a higher temperature.

Mitra. S.S.

12 85 Chag, I.F. and 1972 R 19.5-60.5 792 Same as above except at a higher temperature.
,ittrat, S.S.

13 83 Chang, I.F. and 1972 R 19.5-60.5 958 Same as above except at a higher temperature.

Mltra, S.S.

14 54 McCarthy, D.E. 1965 R 2.00-50.0 298 Synthetic crystal; 2.16 mm thick; polished to flatnen of 10 fritnes;

30' reflectivity measured with aluminum mirror as reference Sxca-rz;

data extracted from a curve.

15 84 N;tuishi, A., 1962 R 19.9-S1.6 300 Single crystal; near normal reflectivlty; neasured it, vacuaun with

Y..mda. Y. and aluminum mirrors as reference standard; data extracted from a ,ure.

Yo~hlnay, H.

2.'

'5.~- /



TABLE 17. SUXLRY OF MEASURD KXTS ON THE REFLECTZVITY OF SODIUM FLUORIDE (continued)

Data Ref Author(s) Year Specificacions and Renarks
Set go. Used Range. ,m K
,;o.

16 57 RPo, K.K., Moravec, 1975 R 0.04-0.207 3D Single crystal; obtained from the Harsbaw Ch.cni al Co.; eleavec spyc-
T.J.. Rife, J.C.. imen of 1 cm diaxeter and 3 mm thick; speci-a kept In vac-n duri; g
and Dexter. R.N. reflectivity measurcc-nts; near nvrr.l refleczivity obt;jine; data

extracted from a curve.

17 71 Sano, R. 1969 R 0.108-0.128 78 Single crystal; obtained from the Harshaw Chemical Co.; cleaved
specimens of 10 mm x 15 mm x 0.17-2.50 mm approximatcly; near siorIa1
reflectivity obtained; data extracted from a figure.

I8 7l $.o, f. 1969 R 0. n9-0.210 295 Same as above except at a higher temperature.

19 61 Nakagava, I. 1971 R 21.5-74.7 293 Single crystal; near normal reflectivity measurements made Is a
vacuum. data extracted from a curve.

20 37 Tomiki, T. and 1969 R 0.11-0.16 273 Single crystal; obtained from the Harshaw Chemical Co.; freshly
Miyata. T. cleaved; normal reflectivity measured in vacuum; data extracted fram

a curve.

I /



TABLE 1S. EXPERIMENTAL DATA ON THE REFLECTIVIrY OF SODIUM FLUORIDE

(Wavelength, X, wml Teoaperature, T, K; Reflectivity, P)

p A C A p A a A x

IATA SET i CATA SET ICZONT.) DATA ;Z24ZCONI.? D)ATA SET SICONT.) DATA SET 3(CONT.2 DaTA SE1 34CCNT.b
T z24J..

64.-? ;.3Q? ...103 i.241 J.i10?9 O.Lu5 0.1152 C.378 4.1262 066
L9. RL .;I 2.13j -.23) 9.128: L. (5 k.1iiz C.382
2-.e ... 359 DATA SET 2 . LL93 U.222 .. L.11 0.L05 0.113 2.35i QATA SET
a*..-! .s~ T *320.1 ;.1193 4.219 a.IAeo G.143 W.1150 -141i T 7.
2t.?? 6.3129 2.2 s. 21S 0 .. 59 L.QC3 *. Ll .33?

2?.414 6.27 ,.±4 Zo ..2 .Z,1 3 .? .. 9 . .1 0.16 0.39 2-.38 v19
3f.82 '..S9 -Le~b f 2.i212 9.1i3 3.11,2 ".O'5 Z.±6 .2. 23.66 0.445

23.91 ;.417 0..Ji b.2 3.i219 0.133 J.1i06 0. 036 c(.1'166 i. :12 Z-.'. 6 .5o
; '. Z .526 t.-1 73 0.L2t 0.:cZo G. 133 .. 11,b 6 .4 ..h:cS 0.353 i.v h8

z .31, ZL... .. ;33 ~ :? .i .1S;T 5

2A... .. ,. ,... ..- ?144. 0.1.16 1. 5O 2.1±73 j . .5.1T
212 n... O ,.5 .5 3 e . I* u &.1?6 & .1-,If O.23-4

25.,5 .. 3o 0 .96~b w.6l d.1262 4.t1 u.L11 6.192 .. 1176 .. 31111 0-9 *..5

215 .~ ;.: 41? .iot 4.1-21 t'.274 8.1152 0.25? 4;-)bn .. 3
3i.1 .92, ; 1 v31 .. 39 v.61 2.12 .Z2? Z.17 .f k.-- C .10ci

. --1 Z.E2' .. ? Jl .Z26 J.1123 2.2'.6 0.12 i3i ie.1. .. i
23.k' 4.Si, .22 L.A.. i .1336 4 .157 I .1123 0.253 C .;164 C. 22. c3.6 -5
I.? p .5 .. Il ... . 3 .13,. 0-,54 t12 0.26 6 6.1±9. 0. 11 -24. 5 .. ; 7o

52. t) i i. J.. C 2;.Ld3 3.1355 3. .1128 Q.266 0.1111 0. t. F 2-.-o ;2.5.A
31.2% .. 333 q .. 25 .145 0.-13b5 9.23 3. 1128 G.272 ...:93 C. *b. c4.. 0.535

.va C0.1?.o . .;25 .138 i 1 9 .655 G.il G. -92 0.11 (.131 25.4. 0.i's
15213 3137m 3.051 u .11± 3 0N L.298 Z.2t 2,32 2o.l. 6.472

912 ..6 4 6 4 .13E DATA SET 3 2 .1:5 .311 0,..Z .1 .11, 0.TA SO? 6
.2. v. 1 7.;. 4.1133 T - 7?7.0 4.1i37 c .3 1 C.x2.Z 0. 1,.5 1

4?5 .635 .. 11.1 Z.Z. 3..:3? &.322 0. iI *.131
*3.c2 .i) ;.5 .Z.8 v.1451 4 .036 O.t? 0.5i7 &.1225 2.105 E;.8 32

0.15 .Zt2 '.L'
5 2  

0.1312 3 .; 1a z &.2 .123. (. 132 21-95 0..S4
.5. .5 .. 4 .Zu1 41. io 2.csz 9.1±39 ,..328 i1232 .018 e2... 4..IV

oi.1 ..1.cg .. 233 .L151 L 3d 11 c( .3S 0 .1233 0.4 &c'd.iS 0-V6
.h. .. v .. Zi.3 3.1I. be 1.126 911I.3 0.352 6 -.31 .. ? C.. v.' Z

.
4

.c .l97 .. Z44 2.1068 v.c021 4.45 r .351 0.1233 L.ti.0 23.4c ...38u
*i&6 6 .3-i 4.1.

7
1 .1!59 v1 L69 's.6Lz? 0.1148 b .3t5 A-1236 .. 09s Z..43 S..39

~.. .. 3-2 C..i76 .. 25? v.±J?3 0.4±3 .. 1356 L.3b? C.124S 4.(93 Z%. v .48
9
3

52.3 *.3', v.11 .. Z4.6 j.1076 3.C10 i.1166 G.376 .. 1251 u.Oi a&'A.4. 0.46,s

C0
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TABLE 25. EW(ER1MENTAL DATA D\ THS REFCrtVlT' OF SODIItOM FLUORZO? (continu.d)

I)A : ET z'ON.) CAIA SET ?GON. CATC SET ;;;;~r.$ OATA SET aLION?.) OATA SET 9(UCO9T.) OAT& SET XOM0c4T.)

25.9. C .",. 3 .13 .93z .L U42.iZ .zr jE .1 t. .

:9i.5 ..- 4.. .. *.09' 25..5".3q 5- 6.2 -1 - s- 3 .S

a.7 . y 4.94 a %. Z5.99.459b 2. 5 6.2.3.3 6.'. 3S .

e :..S. 3.C37 .. 8,. L, . e .L9 0.9 3E. So03 C.9.B0 -,J ;. 4 . .

2i. .4. ., 4... ? .22 2.290 3. 600 SETy 9444. .3.z 9..i 23.1? b,.40.

zl . . u.:i; .4..- 0 .2. 52 3.11 0.997 23.2 . '.7. 1 c E.431 24.25 9 6-22
25.5. .4?6 5...3 '.-L59 25.73 0.65'. 23s. .'. .51) .21. Z*.s' 4-67?0
22.79 .,,Z 3C.3 ... 23.?.. 0.755 -9.5c.26 . .91 3S4 C.oa4.05 ; 5.7.S

22 .. 71 05.R 48 B3.b6 0.636 .9 0-ilc 44.Z9 U.45 2.xt, 4 s

2?.?. t.3% '. 47-5 0.0273 39.4 .1.76 21.7 L 1,57 4.7 t.6-0 2S 4 %.-069

2351 46 28.. 2 04Z 3'.b.. O.552 Zl.%4 0.463 58..7 6 f.i 20.14) 16

i.. .95 ... ?b ..1Si. '.2.35 .. i4t 2-749 4...9 AT *2.7 15a, 2U.69 4.578
2J.;? .537 i..4Z .*.3s 3.21 ;..J2 27 .3 4.L64 T3 76 42 -5)4.. 0.1i 6.16
3.2. ,. .4. 22.32 .. a 4..' 9b.z .L.38 11 9 L4.. C A4 38.71 .. is6

E.. '. 4.5.9 53.53 4.2z36 33..44 v..9' 22.636 o .. 967 45..s 4. Z . 2i ' .8

ev . a.5Z,.g .1 41 .6 4 - . b4.5I.I ! 6 .1

a . .- ~ 56 ; 0 2 , 506 045 3zq 6zl 7.l c. 1 Z~s/.8

Z5.5.~~~ -.L S62-.9 5 7 .S . .4 614 .Z - -4 f.t4



TABLE 18. E.%PERIMENTAL DATA 0N THE REFLECTIVITY OF SODIUM~ FLUORICE conti,..ed)

DATA SET I ILONT.) DATA SET Ixco9T.) DATA SET IICofT.1 QAIA SET 11 (COMT 0 DATA SET 13(.3kT.# 4Aa SE CCN.

q..? G.643 25.73 .. 457 .*53 J..25 36.;6 .663 z 3.2 9 w. . ?.3 4*

;.S.76 1... 26.0y -... 9 30.1.6 -.. 54 i 3. Ia ~ .b "...o t 34
'.z..* g.. ~ 7.:. u.43, 04TA SET !2 Zv7. 36 C . ?2 2.3.9? 14i -5. ,..- O.377

2 7. 1~.*. 742*5 38.04 6.r6i% 24..8 1. 72 52.21 4 .346

4.4.'1 .. 3.2 2.9.66 L.411. 13 O .C20 39.'.3 6..c99 Z4.74 C.223 f....'3

934 .25.. Z9.25 .. 4'. ;..21 *.2.75 '.86 2S.o :,. ., L SET :.2

'15 .i ..4; 2 .736 2.32 411 .? 05. U.
6
.
6 

5.34 66.?. 6.2
o'. 72 S.2 . .5 j3 .6 Z 52 ,.3 ? 4. - .. ?7. 2.54 . Z.:.?..

£17 ±i 37.3. .W. 2!7±~15..4- 0" e 4.39,2 326-9 :.330 s..

SS. Z .2. .J? L.71. U'.66 3.91 542 SET 13 M7*3 (.'4 .3 2..,

223± .. 9 '4... .57 .11J G.13 T 05.51 Z6.60 &.392 6..3z~ 4S

Z.22 4 3. , tj .d.9 ~ ~ 5 O. 2. 7- L-147 Z2 2.5..
23.72 2.25s .34, .3. 23519 .. 42.. 0..39 41.9? ... 6.16.2SI

24.3 .33 Q~2 .601 Z!.397 -M6 2.7' C-166 31.345 .bi 2. .. Ss
2.3 2.' 3.53 0 % 4. 52.21 0..Z Z, U703 343.2 L. 93 ,ac 4..-.?

25144.3 .... *.717 2S.'. .59 22 4..16 Q,5 .55 45.45 ;.425 ~
25.5. .. 053 56z. 3.255 T..1 -..Z 43.28.7 462 . 6 .3 W.'.37

Zz. i. J.4 7 2 . ; j 4? 431.9 ... 37

23 2 .l. i . S z5 .4S .S& C E 3.3 .54 2/k

232 _ _ _ _ _ 4. o Z49 21 321 5 *



TABLE 18. L2ET DATA ON. THE REFLECTIVITY 0F SC.)ILA FLUORIDE (co jn.ee±)

x A 0p x. p x. 0

D47. S5-T 15tCCT.) CATA SET 1640CNT.) DATA SET I7ICCNT.) DATA SET 16(CONT.1 DATA SET 151CIhT.) DATA SET 19CCN1.)

Z44 Jil . L.0'43 .. 124 4.44.2 31. 2 L; 03'. t.Iz,? C.Cls 24.75Z. 6.42L

~5.3 1.4-85 .. 5 c.03. .. Za3 J.262 .!.o. 6.2.3 6 -..2. 6.473C ... : . !64

U.0? i;9 .11.45 0.380 76L. 6 . L49 z.3;, C.0. co .. 55j 0.351
A.b- L.I. , 32 it. 114

7  
0.341 &..1LSZ &.05 1 .1326 C. t64 C .Stb

3L1 21,.j?I'm o.0.346 j . 1144) 0.443 .. i G5 6.623 L.133b 4.0? 26. ?360 10.S?.

a. .. ~.3.2 Z.. .JJ I.L, S. ~ .I *. J.44382-Ija 5 ' 0. Lit 0.1--3.6 1.293 .027

S7. .6. 4.;.7i U437i 0.1165 3.4S3 U.116? 7 .66 w,7 .13 $2 f.64 33.6i63 ;.640
;.2. i ',.43 .37a?4, D. .?o 6 0. 11,q a .4 Zz. 0,3 11.25& .j1 .. C5 3 5 .C?. srie 0
43.. j . 2 .. $14 J.&47.' ..11?3 0.418 .16 6.42-1 .3 96 i..7 3?.J

3
.. W.75

.5,. Q .. 5 .... 532 , .3liL Ai.i1? 0.234-o..l 1 5.L3 a i.18d3 1 C. L32 36.4.. f.6d

ZE .279..3 ..2.. J.1187;9 ..18 .3.24 G.223C . 2. d. .. 42~ 4.4 . ,.71.2

r..5..13 ~.1i3' 0.21 .2 3. 1191 J.24;, 4-44 1.' 5.117. o. U.C. .353 o.13

A.TA2ET 1 .. ;- v233 O....7 ..- 4 36 J14 .2236 ..19.. ..18 .. L.g36. 3.2 ... 4-1 ..o9

Z;. %76zi ....2.& J.2.5 3v2 .1161 E.35% 0.1152? 4...,,
C. .3 ... i .. c5 ..L;63203 DATA St 1) 0.1335 q DATA4 SETj r.. C?.1 G. '.c

0.'.2 .. ,3 .. 7 .4.qi 6i 2 J-.~ 117? L.414. T * 03 . G..7-4 4 0.

Z.-Z'? .. 1i'14 9.1232 .r3 .O. 0.2'? it.,5 C. C7 8..4 .3.222

735 ~ ~ " Set.. 3 G .13.3? 0.03. V.12156 5.88 2.3 782. .. 267 2.1ST

5 3..? ... 3. ::*... 3 :,A.? 42..32 j.s~ : I sI 434s:. ,.:0

Si ;.s 01 ... C13 .1026Z 0.2.3 3.2.2 0.249 2z.72 S. .. 22
.75 s..l u.7A SE 0.5 ji.354. .-3 3;b .f23 0,.,?65 2J3.3Elli .. 3 E14is a

2..56? --vs9 i.? xi .6. I4.IU4 0.036 O.1.246 &.1Z5 24.3364 .. '.. &.1. .8



TABLE 18. EXPERDENTAL DATA ON THE REFLECTIVITY OF SODI.M FLUORIDE (coatinzed)

p
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7. , ~..s..5
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T - - - -

0.6

0

D~ata
0,4 Set No. Sym~bol T,K Ref.

1 0i 298 [54]

2 ID 298 185)

3 298 ~7

0.2

10

Wavelength. vim

figure 14. Transnhissiof of Sodiumb Fluoride
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TABLE 19. SL,04ARY OF MEASURVENTS ON THE TRANSMISSION OF SODIUN FLUORIDE

Datat Ref. Ah() Year Method Wavelength Temperature,
Se No. Used Range, Um K
No.

1 54 McCarthy, D.E. 1965 T 2.20-16.8 298 Syn:hetic crystal; 2.16 mm thick; polished to flatness of 10 fringes
of sodium 0 line; data extracted from a curve.

2 85 McCarthy, D.E. 1967 T 0.171-3.00 298 Single synthetic crystal; obtained from Harshaw Chemical Co.;
thickness of 2.16 mm; the two surfaces of the specimen were parallel
to within 0.001 mmlmz length; polished to flatness of 10 fringes of
the mercury green line; data extracted from a curve.

3 37 Tomiki, T. and 1969 T 0.13-0.19 298 Single crystal; obtained from Harshas Chemical Co.; freshly cle.vci
Miyata, T. specimen of 0.188 cm; transmittance measured in vacuum; data ex-

tracted from a curve.
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TABLE 21. PEAK POSITIONS (Amax) IN pm AND HALF-WIDTHS (W) IN eV FOR THE F, R, M, AND N

ABSORPTION BANDS IN SODIUM FLUORIDE*

Interionic F band R, band R2 ba.1 M band N bands
dist., d Temp. aW x X X a W a(A) Xmax max max max max

2.31 RT (0.328)' (0.381) (0.412) (0.516)
0.335 0.70 0.415 0.505 0.16
0.340 0.51 0.507
0.341 0.510
0.342

NT 0.332 0.50 0.498
HT 0.336

* Values were taken from Ref. [69].

t Values given in parentheses are calculated from the Ivey relations (701.

F band Xa = 703 d',4 for NaCI structure, A = 251 d
2
,
5 

for CsCI structure.
max max

R2 band A = 816 d
1
.
8
4

max
R2 band A 884 d 1 e

max
M band A =1400d d1"

max

I
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TABLE 22. RECOMMhENDED VALUES ON ABSORPTION COEFFICIENT OF
SODIUM FLUORIDE IN IR REGION AT 300 K

Absorption Coefficient, cm-1

\,cm- u,~m Inrni* Observ, dt
Intrisic* -(Selected)

6.000E+02 16.7 3.2E+l
7.000E+02 14.3 9.lE+O 7.4E+O
8.000E402 12.5 2.6E+O 2.7E+O
9.OOOE4-02 11.1 7.3E-1 8.OE-1
9.434E+02 10.6 4.2E-1 5.5E-1
1.0OOE+03 10.0 2.1E-l
1.075E+03 9.30 8.IE-2 2.7E'-1
1.100E+03 9.09 5.9E-2 4.6E-2
1.200E+03 8.33 1.6E-2
1.300E+03 7.69 4.8E-3 4.8E-3
1.400E+03 7.14 1.3E-3 1.4E-3
1.500E+03 6.67 3.9E-4
1.600E+03 6.25 1.1E-4
1.700E+03 5.88 3.1E-5
1.800E+03 5.56 8.9E-6
1.887E+03 5.30 3.OE-6
1.900E+03 5.26 2.5E-6
2.OOOE+03 5.00 7.2E-7
2.I00E+03 4.76 2.OE-7

2.200E+03 4.55 5.8E-8I
2.300E+03 4.35 1.6E-8
2.400E+03 4.17 4.7E-9
2.500E+03 4.00 1.3E-9
2.600E+03 3.85 3.8E-10
2.632E+03 3.80 2.5E-10

* Intrinsic values were calculated according to Eq. (26)
with uncertainties about ±10Z.

tValues in this column are the total absorption coefficient
which are either lowest reported or those used to define
the constants in Eq. (26). Uncertainties of these values
are about ±10%.
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3.3. Sodium Chloride, NaCI

Pure rock salt is uniformly transparent from 0.2 pm in the ultraviolet

to 12 pm in the infrared. In the region of 15 pm the absorption increases

rapidly. Rock salt, in moderately thin pieces, may be expected to transmit

several percent of the light up to wavelengths as long as 26.0 tim. However,

a plate 1 cm in thickness is completely opaque to radiation of wavelengths

greater than 20 pm.

Rock salt has long been a favorite material for infrared spectroscopy.

It polishes easily and, although hygroscopic, it can be protected by evaporated

plastic coatings on its surfaces. It shows excellent dispersion over its entire

transmission range. It has been difficult, however, to obtain natural rock

salt crystals of sufficient size and purity for making optical components.

As crystal-growing techniques advanced, synthetic sodium chloride crystals

have been grown commercially up to 30 inch diameter and half-ton in weight,

making this ma~erial readily available for large optical parts and thus stimu-

lating the design and construction of infrared instruments.

Measurement of the refractive index of sodium chloride dates back to 1871,

when Stefan [86] determined the refractive indices of a rock salt prism for

solar lines B, D, and F. Since then, a large amount of data in the transparent

region has been contributed by a number of investigators, among them are Martens

[871, Paschen (88], and Langley (89]. They used either the deviation method

or interferometry in their experiments. It was not until 1929 that measure-

ments were carried out beyond the transparent region in the infrared. Kellner

[90] determined refractive indices of NaCl in the 23-35 pm region, based on

information on transmission and reflection of thin specimens. In the vacuum

ultraviolet region, Rossler and Walker [91] observed the region from 0.0476

to 0.2480 vm, and Miyata and Tomiki [92] studied from 0.10 to 0.25 Om. Data

on the refractive index are now available from 0.0476 pm up to 300 pm and at

2000 pm. It was found that refractive index data in the transparent regions

for colorless natural rock salt axe in close agreement with those for synthetic

sodium chloride crystal with discrepancies occurring in the third decimal place.

Li [33] reduced the then available experimental data on the refractive

index to a common temperature of 293 K and after careful critical evaluation

and analysis adopted a Sellmeier type dispersion equation to evaluate the

refractive index at 293 K in the wavelength range 0.20-30.0 Wm:
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n= 1.00055 + 0.19800 X
2 + 0.48398 A2 + 0.38696 X

2 + 0.25998 A
2

X
2-(0.050)2 X2_(0.100)2 

2 -(0.128)2 X2 (0.158)2

+ 0.08796 A2 + 3.17064 X 2 + 0.30038 X2  (27)
X
2
-(40.50)2 X

2
-(60.98)2 X

2 
(120.34)2

where X is in units of Pm.

Investigations of absorption coefficient for practical applications are

generally classified into three wavelength regions: the ultraviolet and the

infrared limits of the transparent region and the transparent regions. In

the ultraviolet side, the purposes of the studies were to investigate the ex-

citon states in the crystal and to determine the Urbach-rule parameters. Roessler

and Walker [911 determined the absorption index of NaCI in the spectral range

from 0.047 to 0.248 jim by a Kramers-Kronig analysis of reflection spectrum.

Evidenced by the strong temperature dependence of reflectivity in the exciton

region and the appearance of spin-orbit split doublets, the surfaces of the

specimen examined were believed to be near perfect. Kobayashi and Tomiki 1931
studied the effects of impurities on the absorption coefficient and found sig-

nificant differences between crystals in the spectral range from 0.171 to 0.231 um.

The main soruces of such discrepancies were the presence of hydroxyl ions and

dislocations in the crystals. Miyata and Tomiki [94] and Tomiki et al. [77]

studied the absorption of NaCl in the region 0.156 to 0.205 Wm for the purpose

of determining the Urbach-rule parameters and finding the features character-

istic of the intrinsic tail. Through a systematic observation and analysis

they found the following empirical relations among certain parameters:

E = 8.025 eV
0
a= 1.2 x 1010 cm- 1

hf = 9.5 meV

o = 0.741

for the expression of absorption coefficient of the intrinsic tail
r-t(E,T) a exp [- s(T) (E o-E)/kT]

where

a0(T) a T 0n - h- (8
a so hf 2kT (28)
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Measurements of absorption coefficient at the infrared side were made

for the purpose of studying the optically active lattice vibrations. On the

short wavelength side of the reststrahl band, where a photon is absorbed and

two or more phonons are generated, multiphonon absorptiQn can occur and lead to

absorption coefficients that range from 10- 3 cm- 2 to 100 cm- 1, depending on

the number of phonons generated.

Measurements of the absorption coefficient in the transparent region are

relatively recent events as the development of high-power IR lasers has led

to a need for better characterization of IR window materials. Among other

things, the absorption coefficient plays a decisive role in determining whether

a material is adequate for laser optical components. For this reason, absorp-

tion coefficients of a number of selected materials were investigated at wave-

lengths of laser interest. Sodium chloride is among the candidate laser window

materials and its abscrption coefficients at wavelengths 1.06, 2.7, 3.8, 5.3,

and 10.6 Pm were intensively studied in order to determine the influencing

factors that c,-ntribute to the extrinsic absorption. These studies are very

informative and provide clues and means for material preparation and parts

fabrication in order to minimize the extrinsic components in the absorption.

Califano and Czerny 195] examined the region, 11-14 jim, at room temperature.

Barker [38] measured the region, 11-20 pm, at temperatures from 300 K up to

1105 K, 31 degrees beyond the melting temperature of NaCl. Harrigan and Rudko

[96] obtained the 10.6 om absorption coefficient, 1.3 x 10
- 3 

cm
-1

, for NaCl

I' by a CO2 laser calorimetric method. This value was believed intrinsic, as

evidenced by the fact that no noticeable improvement could be obtained by im-

provements in purity and growth techniques.

Deutsch [12], using a differential technique with a dual beam spectrometer

measured the absorption coefficient for the wavelength range from 11.7 to 20 Jim,

at room temperature. Together with data from earlier investigations, it was

found that the absorption coefficient in the multiphonon absorption region

can be represented by the expression

a - a exp (-v/vo) (29)

where v° . 56.0 cm- 1, and o - 2.4273 x 104 cm-1 . This relation covers the

ranges of a - 0.001 to 44 cm-' and A - 10.6 to 28.1 jm. It is not known if

the exponential relations hold for the lower wavelength regions. If they do,

the extrapolated values at 5.3 )im should be 6 x 10-10.
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Harrington and Hass [781 studied the temperature dependence of multiphonon

absorption at a wavelength of 10.6 um, from room temperature to near the melting

point, by the calorimetric method. It was observed that the absorption coef-

ficient increases monotonically with temperature as It would be anticipated

for the near-intrinsic absorption of the crystal. Based on their high temper-

ature (above 450 K) results, the extrapolated value at 300 K is in close agree-

ment wlth that of Horrigan and Rudko 1961. However, their experimental values

in the range below 450 K are considerably higher than the extrapolated values.

Their value at 300 K is 2.8 x 10
-
3 cm

-
, apparently higher than 1.3 x 10

- 3 
cm

-1

reported by Horrigan and Rudko. This situation is quite similar to the case

of KCI whose 10.6 vm absorption is complicated by the existence of a surface

absorption band at 9.5 tim. The only difference between NaC1 and CI is that

the intrinsic absorption of NaCl is about 2 to 3 orders of magnitude higher

than that of KCI while the value of surface absorption observed in the case

of KCI is about one order of magnitude higher. As a result, contribution forr

surface absorption dominates the 10.6 pm absorption of KCI, whereas the reverse

is true in the case of NaCl for a surface absorption of similar magnitude and

spectral location.

Hass et al. [971 used an improved laser calorimetric technique in the

determination of the 1.06 pm absorption coefficient for NaCl. The observation

of the temperature-time curve (thermal rise curve) indicated that the slope

of the curve during the lasing duration is constant and corresponds to an ab-

sorption coefficient of 7 x 10
-
6 cm

-
1, which is the lowest value of absorptiot.

coefficient reported so far for a crystalline material. In this technique,

if the slope varies with time, the initial slope of the curve corresponds to

the bulk absorption. With elapsed time, surface absorptions and other contri-

butions are revealed as evidenced by an increase in the slope.

Allen and Harrington 198] measured the total absori ion coefficients at

infrared laser wavelengths of 2.8, 3.8, 5.3, 9.27, and 10.6 pm, using the calor-

imetric method. The samples, cut from a given boule, were reactive-atmosphere-

processed single crystals, It was found that samples of higher purity exhibit

lower absorption. Although all samples indicated essentially intrinsic absorp-

tion at 10.6 wm, absorption at other wavelengths were considerably higher than

the intrinsics. Such excess absorption are mainly due to surface absorption

and chemical impurities, which play an important role at low intrinsic levels.
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At 3.8 Wm, Rosenstock et al. [99] studied samples procured from a wide variety

of sources and found that the bulk absorption coefficient was 9 x 10
-
4 cm

-1

and the surface absorption 4 x 10
-
2 cm

-1
. Rowe and Harrington [100] studied

the temperature dependence of absorption coefficient at 10.6 Pm, in the tem-

perature range from 100 to 300 K. Combined with the results of Harrington and

Hass [78], they found that the multiphonon theory of McGill and Winston [111]

adequately fit the experimental data.

Figures 15 to 18 are plots of the available data. The pertinent information

of each data set and the corresponding original values are given in Tables

23 to 26. In addition, available information and data on the reflectivity

and transmission are also presented in the same manner (in Figures 19 and 20

and Tables 27 to 30) for completeness and comparison. For the visible and

near visible regions, Table 31 gives the spectral positions of the well-known

color centers. Noticeable absorptions are likely to occur at these centers

when the crystal is exposed to ultraviolet, x-ray, or high energy radiation.

However, these absorption bands may disappear at high temperature or by appro-

priate radiation exposure, resulting from the so-called "thermal and optical

beaching."

Recommended room-temperature values given in Table 32 were calculated

according to Eq. (29). In the range between 11 to 23 mm, these values are

supported by measurements of Califano et al. [95] and Barker [38]. It appears

that NaCI has high intrinsic absorption in this region. If Eq. (29) holds

in the region <5 jm, the intrinsic absorptions in this region are lower than

10
-
4 cm. However, like most of optical crystals, one expects to observe an

absorption band in the range between 2.6 to 2.8 jm due to the hydroxyl ions

in the crystal. This absorption band can be reduced or eliminated through im-

proved crystal growing techniques. It should be noted that the values in the

"intrinsic" column are the lowest limits that one can obtain for ideal samples.

In practice, the observed values are generally higher than the limiting values

at low absorption levels. Unless values appear in the "observed" column, the

limiting values are considered as guidelines for estimation and investigation.

Although it was not the intention of this study to compile and evaluate

the absorption data in the vacuum ultraviolet region, in order to assist users

to obtain a total picture of the available absorption data, a plot of available

data in this region is given in the Appendix of this report.

p..
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6 Data

Set No. Symbol T,K Ref.

1 M 300 [91]
16 0 10 177]
19 6 285 [93]

10
5  

27 + 10 [94]
28 x 18 [94]

29 0 70 [94]

30 + 95 [94]
31 x 95 [94]
32 Z 195 [94]

10 33 Y 298 [94]
34 X 298 [94]
35 A 473 [94]
36 X 473 [94)
37 I 573 [94]

1 38 A 573 [94]

U 2

0

0

0.

I..

o -

.0.

10

1-2 P II1 . .

45000 47500 50000 52500 55000 57500 60000 62500 61000
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- 
I

Figure 16. Absorption Coefficient of Sodium Chloride in the Urbach Tail Region
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10 3 - I

Data
Set No. Symbol T,K Ref.

102 9 M 293 [951

10 a) 300 [38]
11 4 615 [38]
12 + 775 [38]
13 x 935 (38]
14 0 1105 [381
15 + 300 [12]

10 1 21 x 298 198]
22 Z 298 [98]
23 Y 298 [98]
24 K 298 198]
25 K 300 [1041
26 x 80 [104]

. 10
- 0

Slo-

dJ

02
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Intrinsic . I
io-  .... _ ___. .t 1 I
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Wavenumber, cm
"1

FiRure 17. Absorption Coefficient of Sodium Chloride in the Multiphonon Region



;\B:.S 231. SO:2.X'Y Of1 i \ IS 0! \L o,~i! u C,; iIIC lIi I.. or SOD]lL'; C!:I OKI DI: C.'~u~r D. Inc.ce

i . *' ,. M,*t ad iavemai~ber TcoperatureSpcfctnsadt rk

a7,. CMd Range, K

1 91 Roe~ssle-r, 0.M. and 1968 R 5.64si0"-2.lxlO' 300 Singlec crystal; obtained from thc l~rshow Chinical Co. or the
Wlkcr, W.C. t:cci11,us-e i1,etece Corp. shser,'con coefficiciits derived

from a irxners-Kroai-g aralyscs ot the near mor.,al re ll~c en
spectra; data extraicted fro.m a t.ole.

101 Czerny, P1. 1930 T 2.lvl02-2.9xl02 M9 Crystal; pl.,m specime-ns of tfvess8, 14, 19, 22 xi

traiinittnces measured; itisurpition :oeff~cieats deduce from
the expoicential decay relaition; d.ata ce: roeted from a table;
temperature not Liven. 293 K assa-.

3 101 CZLerny, M1. 1930 T 6.SslO'-l.54s10 293 Similar to above except for spvci-ns o-. varieus tlockn-scs
from 20 to 355 mm.

4 302 Carte.rlght, C.ii. and 1934 Z 9.3.10' -1.36.10' 293 Crystal; thin plate specimen of 60 m.; absorption caeffieinto
Czoerop, M. deduced from transmittance and thicknecss me-asurements; data

extracted from a figure.

5 162 Carturight, C.H. and 1934 z 55.7.69.3 293 Similar to abov eucpt for spechi of 927e thick.
L.er-y, .

11 102 C.rcrphit, CII. 1934 8 4.S3s0' -1.37xl' 293 Similar to above except for speciren of 147notii.
Ceerny, M.

7 102 CrirgtC.H .and 1934 2 44.7-78.0 293 Similar to above except for specimen of 2-27rmth .
C,, rny, *N.

S 102 C..nirpt Hi. and 1934 7. 42.S-52.5 293 Similar to above except for kpeci-ci of 380 x- thick.
Ceeroy. M.

9 95 fColifoino, S. and 1958 T 7.14s102-9.lixO: 293 Crv;tac1; block specime-ns of 10.52 and 1;.77 e1; xtinction
Coerny, M. coW c icots decterrined from trxm-'-. tareoam-ceets; dot,.

estraie-d from a flicrc.

ja h i;rke, .3 172 34e027.0x10' 300 Synthetic crystal; hijgh parity; I iily polimved -.- n o;
1-2 rim tickS; absorption coefficients !1,d-,. d lre- -..iure-
1:eots of reflcctLvatp; ahsarptlon-ceeficlIot Oita e at

from, a fig~ure.

iS f.38 arler, 0.3. 1972 R 5. 1h2-.s0615 Siril hr to ahuon except at a lihr tc e;,retoc.

J s 1;.i r;er 0.3. 197' R 5.2,10 -7.7,10 775 Siiato hieecpttaiiirt. c.r.

11 38 !t.cher, 0.3. 1972 R 5.4sl0'-S.lx10 935 Sirlar to al10Cove\C ' Is~tt a hiicr t.,crtre

I' 3S B..cier. A.3. 1972 R .x h61 1105 Molten NMaCI spec hem of 1-2 iii thch ; cell.- tivi.. . .-1
rient carried ocit in a Iaeg.AIy cc.! - -t oor- e;a
tion ceffe -os euced fi c.-; . ;;., ,,-L- -t-1.E~cit-
coefficient data estracted froe a fl,;ure; .elting Lt, e;'ec are
of %.,CI is 1074 K.0

V,



TABIL)I 23. 54Y&IAR UF OIikZ-i~ N THE A:'.. IO U2iC . c . 1,;: CHlLORd10V7 .ia~rD~iu ic (cent inocd) a,

elta Method ~ ue Tenpcrature
'IL Ref. Aathar(s) Year R, nqe, Sucif icee ins ndR-.-nrks

xc. o . Used mk.cK

i5 12 Di-tseh, TSF. 1973 T 5.Ox.10-..10- a00 Sin7,le crystl; e nidfr., Cyravac Co.; 2i>iiao .5. e
diLir-ter and 2.54 cM~ thi-N; ..bsrpt ion cefi cirnt,--e-c- c
using a dif (cr-ntial tceinque withi a da-emspcrtroy'ioto-
meter; data vxtraict,d free a fig;ure.

16 77 Toutk. T., 1974 R 6.37xi0'-6.30x10' 10 Sin-:Ic crystali; .,ktaircd from ti.c hlrsl-a Cheivic '1 CO.; -
Y.lyera, T.,* and sorption CollffiCicoIs dcdoeed from re h-c tica spectr.e; data
Tseaaneto, H. entraicted fr-n a figure.

17 M9 Ibteawa, M. and 1973 R 9.3.101 -1.6.10' 1.8 Sin,-le crystal; green from pore uymehicslerd p-eedrs di- tilled
in vacuum aod zoned refined in a quartz tube in chlccine gas;
rleavcd; geuc~ietry not specified; data taken from a tcrse.

18 42 Ovens, J1. 1969 T 0.31-4.0 298 Single crystail; obtained frun the harshiaw Chi-circal Co. :
cylinder u!,aped npccircn; Lilind resonant cavity neha i-cd
for measuring dielectric constant and loss tangent; e~,a
tin coefficient then determined; data extracted from a
figure.

19 93 Kotnayashi, K. and 1960 R 4.3.l0n-5.83.1l0' 285 Single crystal; gruwn by vacuium distillatin; cleaned s;.eci-
ton-iki, 7. mns of 0.06-1.0 mm thick;, absorption roefficicars rea-air-

with a veruen ultraiviolet spcrtrophaa-. (,r, data Nst.CEJ

(reel a i;-

20 97 Hi.ss, RI.. Davison. 1975 C 9434 298 Single crystal; obtasited (ruin the llairsliaw C-airal Co.; ru-
J..., Roseostoek. rangular piaral)Lelepiped specimen of 1.2 cm x 1.3 cm x 10.3 eni;
1.8. and babiskin, 3. laser calorimetric method used -ad the titerma. rise curve ob-

taliicd; bulk absorption coefficent determinted (rein the
initial slope of the curve.

21 98 1.11cm. S.D. and 1978 C 943.4,1079 298 Sin-Ic crystal;. produced by reactive-etAinaphevre-yroccns;-
1llrrlngton. J.A. Siiples sectioed froms a given boule; calorimuetric n.thcnd

us,-d and total absorption determined; data, extracted frum a
table.

22 98 All- n. S.D. and 1978 C 94.3.4-3571 298 Sione -i above but (or a sample from other seticoj Of the

Harriiigton, * J.A. boul r.

23 98 A)),-,,. S.D,. 'od 1978 C 943.4,1079 a0 Rant as :ibone.
Ii rniii-,u. J.A.

24 98 Allc,,. S.D. anad 1978 C 943.4-3571 2198 Rime as boe
he.rr Inoin .. JA.

25 104 hi-iriitn * .. * 197 C 449-879 300 iiegle eryi.1 : ohtaied frem thie lhicnleiw i:ieohah C
Viili.. C.3. * Piten, litl it~ila oot eiven; data extracted freem a U1ire.
F. od lie4, H.

2 6 104 11.crizmgn, J.A.. 1976 C 411-713 so Sinev as abuse.
et al.



TABLE 23. SUPV.ARY OF XEASUR&MLN' S 0ON THE ABSORPTION' COEFFICIENT OF SO2IUH CHLORIDE (Wavenuaaber Dcndvaee) (cont fined)

Ie Anrs Refr Method Daeaaer Temperature Specifications ...,d R,.arsa
No. o. Used Rage m I nge, X

27 94 iyara. T. and 1967 2 6.07,t3C4-6.36x2O' 10 :Saaagle crystal.; obtaizied frcn the 1!ar-h-. Che ac-i Co. -J
Torniki, T. also prepared by a chemcracl reaction aol nurf;,G by vac-u:

d'stiila~iun a;%d follod by zao mell>:- in c'aaorira atmos-
phere; specteons cleaved from itigots toe ref iaad a;,y cycles;
dimension of spec iren S na, x 10 m. x 0.2-4 -; ti. a-toer spez:-
mens of 4.O8 man prepared by nelting and pr-saag small
pieces zo-ie refilard crystals between two parallel gi a~sy
carbon plates in Vacuum; Ltasniusior and rvileccfon -ured
wtith uv spectrophotometer; absorpton ceetficicats t an de-
duced; data extracted from a iAjre.

28 94 .9lyata, T. and 1967 Z 5.10m10
5
-6.36xi04 18 Same as above.

Tc.olki, T.

29 94 41iyar.,. T. and 1967 Z 5.87x10'-6.33x]13 70 Sam as above.
T. ikl, T.

30 94 Mtcyata. T. and 1967 Z 4.96.10'-6.12siO' 95 Same as above.
Ton ki. T.

31 94 Miy-ta. T. and 1967 Z 5.58xl0
5
-6.30x10' 95 Same as above.

Toniki. T.

32 94 2:,yata. T. and 1967 Z 5.99x0
5
'-6.23xlO' 195 Same as ateove.

I-niki. T.

33 94 T:y.a . and 1967 z 5.64xlO'-5.98xl0
5  

298 Same as above.
Tomikl, T.

34. 94 Wliat., T. and 1967 z 4.95x10'-5.99xl0
5  

298 same as above.
T .. i. , .

is 94 Tia~a . and 1967 Z 5.39x10
5
-5.74xW1 473 Same as above.

Tom.aIk -1, T.

3b 91, :!Iyat., T. -d 1967 Z 4.8-s10-S.74IO' 473 Same as above.
Taa-iki, T.

37 94 T~ya~. : 1967 Z 5. 19.10-5.60xa.0' 573 . Same as above.

38 3.. M Iya ta, T. .and 1967 Z 4.S3x!0c-5.60K.0c 573 Same as above.
T-alki. T.

39 23 1 -. L.. Hak.p H. . 1959 T 3.2-33 298 Crystal; plie parallal :,-te a.. s a f :.07,.7 5.0.
an d 'Wcbcr, R. and 47.5 aaana L:116; L~.naaa~a . . .

'.0 105 Caick, R. 1962 Z 149-181 298 Ev..cr.,t. X.,CI film of 10 an,. ti.iak; , e put ian.ca> a
for 4 stocs be! ate on; baacrpialo caneflici-~tftei:a
from reflectivity tAd t.asisa rcasar--tg; d !ta x
Lrated from a figuare.



TABLE 23. SL%.%RY OF MEASLRLENTS ON TlE ABSORPTION COEFFICIENT OF SODIL CHLORIDE C'
2
jvcnumber Dependence) (continued) On

Wavcncmber

Q ta Ref. - Author(s) Year Range, Rae S

No. No. Used - Range, K

41 105 Ceick, R. 1962 5 60-143 298 Sinilar to above except for thin speciznes. shaved f7-. the
bulk.

42 106 Cirtwrllht, C.l. and 1933 z 83-143 293 .iaur. Njc crystal; thin placi cyccircs of .11.5 ti.-

Czroy. M. thick; abc'cition ;ocf!iclents ectcrninc from the tra csi-
slon measurement; data extracted from a table.

43 107 Dtsch, H. and 1964 T 3.2-11 300 Single crystal; plate specimen of 150 mm thic.; absorption
Happ. H. coefficient determined from transmission oeasar,-c:its; Cata

extracted from a figure.

4 107 D3tsch., H. and !964 T 3.3-8.2 360 Sane as above.

Fapp, H.

45 107 D~tsch, H. and 1964 T 3.3-8.2 280 Same as above.

Happ, H.

46 107 Hocsch. H. acd 1964 T 3.3-8.2 200 Same as above.
I,??. II.

47 107 Dltsch, H. and 1964 T 3.3-8.2 120 Saie as above.

Happ, H.

48 107 Dotsch. H. and :964 T 3.3-8.2 80 Same as above.

'lap,. H.

49 108 Dinuov. E... and 1966 7 5 298 Natural crystal; plate specimens of 12 aisd 18 as thick;
Irisova. N.A. absorption coefficient determined from transmiissio neasure-

meot; data extracted from a table.

50 99 Rosenstock, H.B., 1976 C 2631.6 298 Sinsle cr)stals; obt.,ined from the Naval Research l.,b., tle
Cregory, D.A., and iarshaw Chemical Co., and the RaythLon Corp.; nel;. .aically
Harringtoa. J.A. polished and chemically cleaned wlth apectro.rade CC.; l,-er

calorimetric method used; data extracted from a tab;X; it was

found that the surface absorption was about 45 times higher

than the bulk absorption.

/



TABLE 24. EXPERIME NTAL DATA 0;: TH , ASOEPTION COEFIC1ENT OF SODIUM CHLORIDE Cuavenumber Depe:.dence)

W~c~ev, ; 7~r.ue , K; Abscrptio., C.4ff'i1ent. a. .I

LATI _ZT ) AT. a:T :0O 4 1.] J U o4 tt T :CC's4T. I ATA SET i(CCNT.) DATA Ssr 1(CDNT.) 311 S:F -

f-..T 2-93.0
1.it35 1 i 6. 3s:' ZAOSI'9E5 .. 76E'6 9.473L-4. J.5 7E-6 6. 271t 1. 145!:.b

2. 7s .5 3.,iAE. ;s-..574L- 6.4.* i%:' -. 5.i~ :..:97of Q .-. 1.365c,6 6.3i35L-1 1.l':"1+ ±.4: 2 .7 35*2

.444.1.'4 .. 5 6.,5 '3 1.sl'*.25 6 .51,5.12. . lilt'' R.li3 5 TA E
'2 -5 375 t. +'~ 5 1 .1 ' 1.2391+ 5 27E+b a.6:- 3 i o. 3 7 tS o . loLt',1 *.Sn 1 5 23

- -*5 1,7- 4, !.aSE* :.23,E' 6. .7.Lc* .295'' . 1.oZs:*,

4. '5 7L - ' .4 ' .1. 5 93 -6 7. . 6.94z1* 5 6.S.93E+, 1.3151. 3.ATA 51

+4 5 .4 6?. 4.9 - 3- 1. u4'.
1 

+5 9.6: - 5/' ~ .3 2Ec' o., 4 ZoEt5 6. 21Z:'.4 8 r V24.4., A AzE

5. 73,', 5 ,.5 * 7 '5 1 5 .. 1 9.Z3 6 :5:1* 7. S o: .e 6E 5 o. .lL.,. .Sc* 5. 7-1, 5 ~ r*4zj.

;.L.5 39 5b .i- *Z 36 , 1..Dl' 6.o1' . 11'' 5.8-4 7. 6'Sf 0. .-E9.1' 1.66' 4.AE
s. +5 b7- .~ .2; L + t i .,c +5 i.2.' 7.2558 . 5 . .7 15 .4.. t- - '

*!.s.f*-+ .7.,, -7r - - b.3' 7477 . +.31 5 JA - 7' ,11 2 :. j 7-E'2 -

b..61' .Lr' 9.;Z l's 7. . 5.3,:5 T. - 15. 35i.

0.Jt *37'+ E.34* .+ '5 i...031* SET.' .icrS 28?' .±-' 4

.4 ~ ~ ~ - 1. -* .5S' . !, . 3..51' 5 .71' 6.935.E5 .S.:'2SADE
.. 'i' .3t' .' .9471'S 6.732t#:''. 4.1 oE.435t*347L 4 6.6564j r.'

7- t. 4T 5 +* .:0 ' 3 5.4 t3 5 9 o97E*5 9.271'S 6.4,1E4 5. 874E-5 5c. 3261'sI 2.4. 0 'E3 1. 't-*2 .E Q~

Z3 7, ,.L3f.,.5 .. 2. '-5 9.2.s4 .. ,* .4.1' 6.5 731' .5 o9' .3 L 5 -' 1'
+5 t. 7;,- 3 5 o.37-E , 9.9E 5 ;.1 1. i6.ESD27 7L.4' .6.21~E.S DATA SET21 .'c ~ ?

.- j 4.I E5 .. 1C w~ t. ' 9. 5 '. 1.61' +192' 7.t1.' 5 7. .. 2.3 ; -

'4,... ' .. :;', 9.7. 4 4t4* 5.s561*-S 1e.8JAC2 5).9
1
ti- f. RI 7

.9 o. i E' 5 .3-' b.:: 9.44.+'' 1.cRiIE'6 6.4151*4 5. 5L6+ 5 t.'.22127 .69' oo.1?71'. Z'
. '5i .t323-, b9 1.4123' 9 91 . *.. + .98 ' 6..3,E 990i,+15 1.36,414 2 1.155- 'i ;._L.. , '.. 9c'

', a. 5 .. 77 S:.1. 9. 53E + 1. LZ2 E+6 6. 311E,'.x. .375:+5 t.,?9,'1 .2s ' .1o1.3

1.77 - . j -5 . .5 9. j -04 ... 5.7? E#4 . i7E S 0
1 .; 7 1 13E i 7- -t -i 9.7 3 - ; bs E - 6. 3-+ - . 4 +' . .4 . 4

7- 5 . .t05 .6 7tt4 9.6 7 5 .6 4E- 4 89L5 2 1.11 - -

17 3 13 - .i)E .27 t .6 J '1 26 +: . 5 - .. 3-+2 c.4 Z -



TABL-E 24.. AXEIrNT.DT C ITCWV~, <~ A~tE aveliurnber Dependence) (continued)

cc 
v a U 2va

ant: sATr r 3ArA AT A. (CON.' 014 Str 13 DATA SET jLtCONT.) DATA SA-T A7(C.IT. I DATA i.t ii(cC.4.b

TT 93i,

7. ..z 70 1 -*. .n. ... E- 6. 63L3 A ..A2 -335 .n,0 .~~ 2 1. .94tl2 . 3:- +Z a..q2 5. ISo . 435.+

o.niD .. 21 DATA SET ll 7-oLE*2 b.3C6E11 6.5101.2 2.7.1E-1 1.535 :' 7.129Q-i i..- l 3.47~.-

iT:.i =.~E T t.50 7.A16CE*2 6.TLCEI1 6., 2jE-2 5. 7o61-1 i.i3i c' 7. 173Eifl 5 . 71d Zz- .63,L-2

4.. ..z.A 3.',E' o.oAf .CJE+C 5 .S51iLt#2 1. 294L+4 . Z931E2- 7.78OC.A 5.077E+4% z. ...

IC* 2.7 I~ 7. i57c~ j.5L.11 6.&TC7IE'2 .. alwE 5.c:01.2 2.5,01'S I1. Z731*2 S. 37S - :i.oiJ . C. -za±9

7 .. pj:*z 2 .'-t.-I 6-7,E'2 ;- .,tt E 8.,:* .d92E1~ i. 5.L. -a*i.t

DATA SET 1 6 . Tb C--+2 5.fE 6.2b:. 2Z.5:oEi. JATA SET 16 .. ,C.2 9. T5ezfl 5..-' .. r'

..23. o.*aeAZ 7.b6; w.o 1! 3. 25A;Et T = 1.; 1. 232if2 t.g72 +C 3-27dc.+...nj

o.oJ..2 ~sl.'i 5.9,:L.'2 3.St..'C *.. CiJ-Ltz 1.uO&C': :P.27,c*4A.Zn.

Ja.z .3.?5.' .. L2 ... 5.64.Z .. 59Gc-*A 6.4321'9 1.34&Ef*6 1.2,164-Z b.3831. '.u3L. .. j

11~EA .312E+1 :i. 5JEt2 2 .;q E*3 5.T.CEt2 5.3331' ob#t* 9.86.1*5 x. ASJL'2 6.40T-x SeEss:'. .1.*

.286:.*. 2.11ii+1 5.,:22. ib.,t' 5.6NAA'z 6.32QE'G 6.454E#*,1 A.ASSL+t 1I ifL?+ 5.90LIc. i.U* ..1 7?3

5-. 52 3.56.E'2 5.&:j 7.450E'C o,,*?1". 1.o56E#6 1.170E-2 6.i5C:-. .A '. ...

OA1. )Tr 1 5. .*
2

# 4.23.t'J 5..3ZE-2 9.r bQEft o.'.35i', 2.c.,.E*6 A.AoJ1'2 b.ST?c>A i.,.tL,76..

5.3 '2* 5.ToCL'2 DATA 5.3T 14 6 ..; . Ai 6-1651+5 z14 1E*2 4. 9 1 ) - .. 3i E. ?.&.CI

ft.7 .C
3
J4.

2 
6.69.L+4 T =1145.4 6..jtl*. 3. 236L.*5 .. 6c3.#cZ 4.371E. 4.1..41-1

db* 010 3 ,.2A 8331 6.39S1,. 1.766E.1 190;#? S. 39&t - .6.' 4 .S. .E-1

7.7557f e.oL'Et S.SIQE'2 1.4C.;E-1 6.3841*4 3..2uE*4 l.diE'c 3.214E-1 4.T5tE*. 4.38uc.1

7 ..43 * 8.9 CS: 2 DATA SET Z1 8.de6. 1'2 2.AL. E-I 6.3?d61" .i.ZZE*+4 1. d7c0' 3. C 1b6:. 4.z 734 #. . . .2f

T=775., 7.970E+2 5..JA1ULt*2 2.3naE1 4..,27:f 3. 1.6c:-1

?l"; E .6o.E#2 5 .:1t JE- D(.TA SET 1? t.31:'2z I. 9LS -1 .. ) j vt 1 .J.2 E1

T .. .i'2 2.AE . 37:Efei 7.S3JE-l T =x.8 9. fLZEfA 1.169E-1

.3*Z 3..-1 .. ,E*2 .ZA DATA SET ic

7sf'~1, *e + Z I T..' ... L 6.81LE1+2 1.SEf Aj .60' 1. E+tcI DATA SET 18 r = 25si~

o.nn5 *t . a .7oL:*-2 B..A.E-l 6.67LE'3 2..30E*L 1.5SSL'2 6.4tft' Z 98..

b.Jbn.*c4.,c v -o 2 t.5i. ,..ZkLE' 2.7301=0 1.i1L12 t.'.blt*L ij..c3 T.4LQE16

, 211 .o:l:..o.Ef~i 6. 2olEZ 3 .bSJ3E'0 1.SoLE#2 5.twSSE'S 4.J3C1#J 2. 1 .6t-3

;.~..9 ...- .7. ?.2 2. 2:..0 b.k.5 +2 4.79J* 0 1. 6 3-,1't 3. 396E 01. 1 .. 11'S 5 .916E-4 O4TA zsIT 21

'C. c
2

3-.9'u~ 5.4S tfe 5.85;E*A 'A.SC'E*2 2.83blfb £. J94t-1 1.4.2E1. T - 296..

Zv -4 5 U7112 4'...6.L*3 5.17..E*2 T .630E+C A.'.9jE 02 2. 7731*0 DATA SET 19 1.674 t3 2. 041E-.

i. :. Vet0 ooL+Z 4 .1221't S6.64.E+2 9.5i&E#C 1.*6402 2.a651i'c T - 265.0 9.43.Z+2 1. J.E-3

:6* .;m.C* 5..,u1,2 b .9S' L3 DATA SET21 AS ..SCE' 3.214E'6 5,.331c#4. 2.581-- 1 DATA SET 22

.. .Z..,. 5.JJJOZ'2 8.o Ji.+1 a 334.G 1.b'.L-Z 3..4sL*6 i.61St". 1.68Z.' T x 298.0

2.7,' 5.2.. *., ,.:,a3
1
*
2 

9..04L*0 1.3d00*2 1.4.29E#& 5.?798'04 7.??47;

46!.*2 c. 2. :' a.St1iE 2 b.6C433 A.3T7jE'2 1.32T2'0 1.762E*4 6. 1EC1'E t, ?A 5.86"i-5



TABLE 24. EFERINENITAL, DATA 0N THE ABSORPTION COEFFICIENT CF SODILDI CHLORIDE 8Wavenumber Dependence) (cootin~ed)

-J aa w a

21E1 T .21 ID.I DATa sET 258 r .Di DATA SET Z 71 CO NT. DATA SET 26ICONT.) DA. SET 30 1CJ'TI Dt a 22rT

.632 :*3 S. 3 i -5 1 . E # 2 1.2821-2 6.161E .4 2.1942*0 6. 266t .4 Z-I.. E*I 5.142Et4 2.93 lot o.202E-4 2.41i3E *
2.51; -63 i . u 3 E-5 d i* ES, ? 6.18.al-3 6. 1 b9E#4. k.C E C 6. ceE~ 14 3 .u6L E# 1 5. 158at*t 2.5e:~ a . ... .3*t. ..ILE~d

1..7r9,.3 3. a ,2- . 3.39.,22 5 .5 3;E- 3 6.Z.2±4, 3.L±SDE *. '..--I n*'. '..c61 6184.. 2. E*I 5Nef i522.*G o.o2*+, 2. s12240

2 ..- L3 : 6.T 373 o.2c±Z 5. * 6..IN E. I.obIZ*. 6.-c .. .:3

T 2 59.3 DATA £2? 2. 6.265±.' 6.iZ.E.2 DATA7 SET 29 o.4/32*. 2.6'.:- . o.'o:-
T - J 6. 282± .4 T.9* = 72.0 0.8e.31 ': 6.;* .214E63

3 %.j~46.2526*'. 1.550E,1 6.121.'.. 4.693L4. o,..T3E..19.
9..3- 2 i..,.3 -. *c 3.25,t+4 6.29,2.'4 . 13.6*1 6.19-5E." J.74L1* .82. 9. S,.c* 3

.3 3!.t# 6. 3iSt t. Z.4T2. rC- t..ct OA TA Z T 31' ?.t#.* :.25.c &I

9.2 .9 ' ' 6.33:2'. .- 3E-1 6.153L+.. Z.336E,*' 11:4 .8
.. rj*2 .. L~j 6.3.12.'. 5.9:36*1i 6.1316*'. 2.560641 5.5622*4 5.5 . 24 ... ZE*±

4.7a3 .9 E-5 13 z. a~ 1 . 6'. Ei- 6. '552.. 9. 7:1 o .:45# 2. 05 CC*0 5 . 7'21*. 3.9S'.c +6 E.±* . 22.2,
*3o..3.5 5.395 2 .9 16126,2.-5.t+0 £.195c*, 3.27L . o..242.132.

'I * 35, .3i. 2 DAT -. .314 T 25 72 * 13* 2. 541*2 5.85L51. 3.;.5L,-,
73 J c.. ,*,7- 2 3 .. 7 E - 1 E 5.61#4t 2.2.~ 5. 5552* 2.9Z 74,J. AC 33

4:25 5.77-14 ;-7?- 5, e..4 9-92* 8.972:.4 2. . :44

i.90-0*2 59E 5.2.55E-. 2.53u6*2 5.S8xl*.. 5.c5L2-1 6.4321''. 2.26'. *. 5.Tc...a
5)z -- a 5. 3312+. 5 .683 5' 5 . d1:2.4 3.456E-1 o. ji6t#4 2.-.'a.c. ,54c.1..

c3 e-5.12.. 0. 2 b 8. E2-2 5. 972*.4 5 .1792E*t4 6 .3 316E*f4 1 .2Z? %*2 6.1,52*4 7 .17.2 L6 5.5 * 5. .
*.:-- 3.6 t. o..z.&..7l,-2 5..5 *, ,.SSDE#C 6.331E-. !.2941*2 6.422:* 1. 0.. 4. 44,* .

*,.?i 033.2*2 .2:-2 5.1,22*+, 2.9:22. o. 374' 1.: 5 *.51 1. I..L
L2 Z.7:: o,.* ... 2 579. .7.'.c0 DATA 5- r 30 b.234il, 2. 53j- *: 5. 4 .%Z.'t

a . '2 i. 1!A:Q .T7 .2-+2 3. 1.25-2 5.5481*4 2.1502*0 T - 95.2 6. 242,*4 2.8 64Z9 5.dE+t 4.E90*
9.3±2 6.o.4:.2 2.Jo.E-2 5.4552*. 1.5346*4; 6. 2532*4. 3. 3 29*1"j. 1.: "

* C, *2o.I.:1 *3.22 2.2 3&t-2 5.979,.'. 1.42A2' 4.9-002*64 3. 85.t-1 .t2*. .2 5. 9...14.
I .. 2:± 08.* J6cL-Z a.t4 I.t;.Eoj '..9o,1*' 3.496-1 6. 27.L#4 S.h , * ei*.t* 2o?,

2
2
.3t.Z-1 7.136L+2 1. el ' 2 6.'.912'' 2 .t-. E #. 5.,731*'. 1-.22.2* to.2932E*#4 8.9724 *l ,.1. .1

:4. 0e ..,)2' -3. 25jcC ..12ii*. 1.934E*0 6.2911.. 9.oS.*. 4. 93.E+ i.65sL*2
'2T S.E.T3:2 2 27 6.1 -' .7.2*. 5.1:72. 2. 9,42.1 6.3461--4 t.65,2$2 a 9'.L*4 4.33.t

'4 V I. o141*,S..732E-C 
5

.228e*'. 3.,?,:5 L.(* 4.25t2E*2
b.2 8. 22 b 6.;.r#C4 1.12. E & 5.20.6*4 4.odE*C DATA SET 32

'2t .. 3 1 z-c 6..?36*' . .33.1* 3 6.ZJ22.. E., +21 5. 337E2*. 6. o.6*4 4 = 9~
?.57Lw *2 2.52.2-2 .34,16:* 6.2152*,' !.t:22*z 5.556.'.0 5.154E2
7.16 2 *d 1.193i-2 b.1,*5Z#4 2.1:222*3 6.234E*'4 i.610E' 5.84S2*4 .i596E+G 5.99±2+4 22.



TA3L'E 2.. E)YEPIY.ENTAL DATA ON THE ABSORPTION CODFEICIENC OF SCORN,' CHLORIDE (Wavenunher Dpnec) (o~irf

DATA SET 34 DATA SET 35: OFTa) DATA StT SI(CNT.) DATA SET 3ACCCNT.? DATA jLT 41(jCOdj.) DATIA sT 41A(C CN T.)
I :255.

- o+ 5.3S.L1.+3 5. 4 , j- L+ I 1.5t. I j.*Zfl jI . .S:* + .23:I . ..- * .. ot

.S, a'. 5.2. +.~ 5. SSs'-- '..-4, 1#3 5. Z987-+4 1.B. E - C 1.:. E# 089 .ZSAECA ! .121.2 1 .617i fc DATA SET 4Z2
9 13. 3.5. 3.5no. 7- .flE+3 5.339E.4 Z.S6JE*Q 9..91Ee3 1. .6..E*0 1.DSt+.Z j.-2-5 T = 98.0

S.~ct *AAE0 .qhe .4.'...c1 -3.367E'.4 8..LgE9C B.'.3E'u 9. SS'E-i ±.O00LEZ2 9.643. #1
7.,.. ~ 5 b..Z3-+&4 ;.51 1 5,4 ' .3706'I .'.E' to5. 978L-1 :. .4. 2 9..i: .s Z.. E' 3a.l.

f.S3 7L . e..32. I 298. 8.'AcJ .15'. 1 .42i # 3.
9  

±-JIE 2
4czi*4 + 5 8. DATA3 ESET 6.29# 4..:'' 621E-1E' L.372.. 1.2 .. t 9.- E'.9.t.E'

.1. .t1 3. Lot 6.32C.. i.Z3Fo' I.64c to 9.. 6 S 8.o±4',2.t a l.zL2 1.3 t2 .S .- it #
i!L+zb 3 L- %..1Z 5.46E+4 2.2 531' 1 2 . 16E+62 15556.4 9.419.-+ a -17.6.51 6.S59 L # .1415w .

:4 .ci ... 77--+4 +.oE1 5 547EC'o. .39496 ±3. E9-u2. 228~E-1 9. el35t 8,6. 2Z ; S.3P-L-16.3?8c.L

2i' ..54.9 t# . 3..jit 2 .39" 3.5 9 1.tac+4 1 .573k'.1 . 7.34E #1 7. .d8:9 E *1116-Z144
5 . 9ci . ...7 E L ' '. 'c7'.'. '..3 *3 5.31Cc E.. 9 *. 639 DA2 SE. 331 ' 7. 2t,1+ L a133 292. 11lcd

5.44 - .±.:.9 5..2t-4. 4.34 Z65o.T-53. DATA59 SET86' 408Z* 7.3,3'.5 7.997i.01 !..5,-44S. 21

,.3,..:4 5.-13- S,3:'.5379 )ATA SE .9 AT SET '.1.4E~ 6.S...a't 6.2..5; .. 6'.1 1.
*T~. --j* S .S '.3 2.4.T 47Ei .. T+ 1.0aL2 .6 9L 6. 3'.959 76i~at2

4. aj'.t9 t.53* I+6'.' 1.4!64 S.311' +.02 1 . 786E'2 4.564 6.6,769± 7.59 6 *l d 56.E*6. .
7c1:.. .9.52 .72 4 t-oLcE 5.4343*.39; #.8 C5I' .l7ZsE'2 1.'.2±L'2 6.3S*ti 75.6E+13i34:..'78#

5.99±". .35Z'& Sl.
2

9- .dEt+a 2.2425'2. .537592 1.724E#2 1.662 644515'6'9. 3.34219 6..585-Z7.i9-
2.u3.21'J 5.1.' .3±50*2 .. 83542. 6.,41'±~ 5.5159 i.4'E* 4.35-

DATA4eT4. 35 DAT;z*- 37.ZJ~ 1.32±6': 5.6914 6.3Ic*2 1. i?4E'2 7.332,0 7 54..o O . .. 39
S*- .t3 T * 51 . ±., 0 .o67.i' 14.6 E *.1 1.639E&2 1.5317L.2 6. e5't.2. 7..G~9 6.15t9 *I5±-

5.3255 7 ~ v- 5.59*5*4 2 .9.1 E31 .. '.7% 4 0ut5 t.i9LE' 9.2871*2 b.98' 4.152912,+ b4S-

5 ... ~i 5.63*42 .EL a2t6 6 7L76iL, SI.%-

i. . /z..- 7 1 D T - 9D T E 16 9. f .9E ; - % l11?*



TABLE 24. EXPERIMENTAL DATA O TRE ABSOUTION COEFFICIENT OP SODIUM CHLORIDE (Wavenuber Dependence) (continued)

3TA .T .6

T

*-

2 L-2

+%

. TA S-Ti

T ~

IE



114

10 2

2

~Data
Set No. Symbol v, cm-1  Ref.

1 C 3.125E+1 [43]
2 0 2.OOOE+l [43]

1 3 6 9.804E+O [43]
10 4 + 9.434E+2 [78]

5 x 8.621E+0 1107]

6 0 7.519E+0 [107]
. 7 + 6.452E+O [107]

8 X 5.376E+ [107]
9 Z 4.320E+O [1071

0 10 Y 3.236E+0 [107]

0 10-  11 x 9.434E+2 [100]

10-
!

1O-
2

30
- 3 j .

10 11 2 10 3

Temperature, K

Figure 18, Absorption Coefficient of Sodium Chloride (Temperature Dependence)



TAM. 25. SVMYMAKY OF M;LASCKEXENTS UN IHE Al;SOI<TIOX COI.F IICII \1 OF SODIL'; Chl.01i;Itl (1-rpc rate rn, ie

',ct Author(s) Yea r Used Ra,, e K Spccifications .tnd 1
-:;a .. e - - ce

1 43 Stolen, R. -,nd 1965 T 31.25 96-402 Highi purity; sigl ry.tal, grown by the L-riJdwtn -Ethod; plate
Oransfold, K. specireens of thickness fron 0.5 to 25.0 -m; ablst'.ption coefiLci,nts

directly determined; data entracted from a ftpgcr..

2 43 Stolen. R. and 1965 T 20 96-402 Same as above.
Dransfcld, K.

3 43 Stolvin. K..and 1965 T 9.804 9L-402 Same as above.
Dransfeld. K.

4 T !.irrini;ton, J.A. and 1973 C 9-'.3. 4 304-1035 S; n l e c rrt.,lI seiee w ih -er'.-es -cl,n i ca Iy tnj t 1-sr r hs-i
Ift,5, M. vally polishmd; ib!.orption coefficients e I~re y -emittric

muthod U.%ing a C3Z laser source; data extr,ccd from a fiLure.

5 107 D)Utsch, 11. -nd 1964 T 8.62 80-297 Single crystal; Plate speCIM-) of 150 MMi thiek; ohsorptfo,: cocifi-
i~~~pp, I. ~~~~CIiots deteemnnd from tratisnissior. r.sr~,t;t.L 'rc~

from a figure.

t. 10" W~t,ch. If. .md1964 T 7.52 B0-297 Sr.. ;,s .,bove.

7 i07 D~tseb, 11. and 1964 T 6.45 30-?97 Somne as .tavc.
Hocpp, 11.

8 !; It~tsch. 11. and 1964 T 5.3s 80-297 Sana .5 above.

9 C, Ditsch. UI. and 1964 T 4.2] 80-297 Sane as above.
Ho.pp, Hi.

10 107 DUch, HI. -id 1964 T 3.24 30-297 S.s as above.
1h,"', I!.

11 I00 Rowec, J.71. .aid 1976 C 943.4 100-300 Siu1,11 Crys.tlb; grown by the rtLe-. o-> CLyr.5 abc tJ
llorriotl&on. .l.A. from thne N~lResearch Lbh.; rod upnecim-s of 2.5 i- .- br -- ot

vatious lcnethls; .wemicol ly etch,-d suan it * bulk ..b ..rtc cr,,d
dista extraced from a firare; data at low ternyer.,ttire carrXed Iat,;e
uncertainty of 1100%; kucrtaLinty diniiltild t.w,rd highter tcn.r-
at tires.



TABLE 26. EXP(ERI.MENTAL DATA 0N THE ABSORPTION COEFFICIENT OF SODILUM CHLORIDE (Temperature Dependence)

[W..venunber, u, cm-'; Tepera~ae, N. K; Absorpt'ooi Coefficient, a,cm]

- ,T A ias SctY 3 (3 V.T * DATA S T 6 2-TA SET LA(CCN.)
3. i 759E+0

8. ~ 3.79tI.2 .c 3.61E-2

9,.' d.25.E.2 ,3.. 4 .idi3L 8. .573Z- 2 29c.5 7.2812j-2

1..C~k :.43 .2762 3AT% SET 11
a.;>. ZA. 2.9"cE 9.4!.Ei2

1...33.-2- DATA S ET 7 -2..O 1 .5622E4
Z 7. . ~~ le * .4. v = e..52E.U 1.3.4 1. .4Ei-4

7..2 1. 1 . c 8-.j 5.8t.,E-2 13s. j 2.Tltc>E-
.33 - .. 'c.

3  ~ ~ . 5~ d g.7 7.9322 223. C 3.461E-6
3A.3 27 Z ..2.c. + 5. :.373C-I 243S.3 4.6LE6

4..c* 77. c.7.9:e2 2.i. I.i8I2-1 273.C 2.36Cr-4

JA.TA 52 T. 4 TA S T 5

' T iVT E z 3.3.E*) v =5.376E--
2.-- *.

-. 7-.-A 8-.. 3.7:3c-2

37.., 53..c-3 91. i952E-2

It! -. 2 o-.X.3 2-..L 1.18-.E-1
2 4,, *2 . . 3.o9.cG.-3 29c.5 Z.Z22121

I5. .1 z* ?3.. A.2e.7c.2
* a Zj. A .44-2 QATA SOT 9

1-.3i~.2 -.. Zo2 v*

i3 53... 2.Ie62-2
*'cS 3ATA :j.T 5 313.7 Z.7i7i2

279. E#- 63 v 1 .~i..5-3 s..536-2
- .3 .c!2-i . 6.9.52-

332 .. a.?* ... ..-. 246.5 332f
.3. *3 9i.? A .i .L-l

S .,.L#3 Ai.3 .. ul.7c- DATA SET A

c. . . I .t- v * 3. 23i2Ec

qs.? ..3S3-2

73...:ii c
7

AA &.3 2.2352-2

A I -



1 .0 f 1T T t TVTf - --- F - -- "

Data
Set No. Symbol T,K Ref.

0.8

1 E] 293 [109]
2 0 293 11011

3 A 293 [101]
4 + 293 [1021
5 X 300 [110]
6 0 55 [110]

0.8 7 + 78 [94]
8 X 298 [54]

0.4

0.2

0.0 I I
10o 10 0 10 1 10

Wavelength, um

Figure 19. Reflectivity of Sodium Chloride

I t "



TABLE 27. SUiOIARY OF MEASURL-:iTS ON THE REFLECHiVITY OF SODU CHLORIDE

Ref. thcs) Yr Mechod Wavelength Temaperature,Set e. Auhc) YarSpecificatiots and Renarks
S . Used Range. jim K

1 10) Erres, R.B. and 1931 R 43-70.0 293 Crystal; plate spezimen; nor"as apectral reflectivity obtatned;
Ceerny, M. silver mirror used as referevce; data extracted from a figure;

tompe-ature not given, 293 K assumed.

2 101 Czerny. M. 1930 R 44.0-71.4 293 Crystal; nlate specimen of about 30 x 40 me; polished top surface;
normal spectral reflectivity obtained with a silver mirror as refer-

ence; data extr.cred from a figure; temperature not given, 293 K

assumed.

3 101 Ca.r .y, M. 1930 . 35.0-47.0 293 Same as above.

4 102 Curtwright, C.H. and 1934 R 126.0-231.0 293 Bulk NaCl; surface conditions unspecifihv; near normal refle:tivities

Czerny. M. obtained; linearly averaged values of the tabualted data extracted.

5 110 Ealdini, C. and 1968 R 0.124-0.187 300 Single crystal; specimen vith cleaved surface; back surface of the
Bcsscchi. B. specimen treated with an emery cloth to reduce the reflection from

the back; near normal reflectivity obtained with specimen in Munitu;

data extracted from a figure.

6 110 B.ldini, G. and 1968 R 0.124-0.179 55 Same as above except at a lo temperature.
Boscchi, B.

7 94 Miyata, T. and 1967 a 0.157-0.212 78 Single crystal; obtained from the Harshaw Chemical Co. or grown by
To.iki, T. zone refined from melt; cleaved specimfies of 8 mm x 10 .a a 0.2-4 m;

near normal reflectivity measured by an ultra violet spectrophoto-

meter; data extracted from a curve.

8 54 McCarthy, D.E. 1963 T 2.1-50.4 298 Synthetic crystal; plate specimen of 5 cm thick; ground and polished
to a flatness of seven fringes or better on both sides; incident

angle 30'; data extracted from a figure.

/ '



TABLE 28. 1::'ARMENTAL DATA "N THE REFLLCflVI1Y OF SODIUM CHLIXIDE

[Wavelength, U .7; Temperature. T. K; ieflecttvlty, 2]

DATA Saf i DATA SET 2CDO r.) OATA SET 3ICONT.) DATA SET S(CONT.) DeNT SET 6tCclr.)I L0;T1 SET 7WOGNT.3
j * c33..

.9.1~~~l c.c L. cn .s1b (2. 1o (3551 .36 3 0.142

0'W .- 1.Ci -910 J.~ O.374 .159 .33 73 & .:3 4.aB6?J oat 0.z .-sa5)., 4 .724 5... 4.815 43.1 5.377 1. E2 c .3:92 1.1c t .233. 1,. 21.1i ' v.14.;7 .I. - 7.4 U . 3.6 '43.8 ;' .42? 6.i63 6 .2o12 4 .18. 1. Z... 6.21.9 ... 351 .7'7 395 L.8sS 4.9 6. 457 3.1 5 .2 ZZ 7. 0.1 M
7  

Q. ) 41
..72.C

9  
.. 71E 44.7 3.5,9 0.ltT 0.2128 L17i oai. LIOTa SET &., 1? 5.. c.558 j .1I(9 C.:.795 41.75 C. - T a 298.C

t, - 1 6.9 U.i: 4s.7 3.659 0.174 .. 1588 1'.179 C. 13. 9
.ii - 6.6 .71,8 u.17t U. 14.5 2.1 .;04.) .4148 i.183 0 .13 s DATA SET 7 5 .1 Z.47.71.3 4 .417 DATA SET 4 .1 7 L.12 56 T = 7d.6 7.5 .-1 2 7;.. 4.3 o? T - 293.0 ... s .. 3

9 L! DATA SET 6 8.1575 6...jA 1.?7 4.IseGDATA SIT 3 l J. .196 T = 55.0 1.1..0 -.5 5.2 C..2457. 2T =Ce3.L 1.7.1 4.242 Z4.155 a .3%5 . 3 ;.4
- . . S :7-.4 4~79 .12% 1164 .t .i

* 4. 2 1.1.I s .3 ;.177 0 .12E 6.1. ;.!1, 6. Z Z .
3t 7.......... .. .i.33 2.3 .. 197 g .128 ij * :11.. £C.1611 0. Z37 in . ;o19 .,~ 3o.1 0.13? 3.!31 C . 1;,7 i i 6.12 Z.36 30 .4's.5 4.ii? Z6.1 4.16; DATA SET 5 w.132 0.11(7 O.1t3 L.235 37...3.1 L .,4 3.. .. ~ T = 3..4 .1.134 (1.1119 t13 3 L. i.4 37.5 6' 45

s..: . 37.j .21 ; a.136 c(.1119 0.;3s C.2 2-.37.43 ..9
Z ., I.J s7.j E.22? .2 Q.1324 J.137 L ..148 L . .. c c .234 33..~.3 .. , 3/.? j.23, a.e C.;273 .. 139 0 .1;48 o.;z s J. i3.

37.9 6.e50 '.133 4.1273 C.'. .1137 *.1i3 E.Zja ;.;.;.37.9 c .261 43. U.1297 .142 c.1i169 0'.1725 6.183 ..1 itn.. .3, 37.4 "f 62.'1132 0a2) .1.157L 4 G .11n 9 G .;.774 L. ;63 -'2 .l7 411-4. ;3s;. 35.0o 1.2.!1 4..35 0.*1233 0.145 L.1117 C.154ew C. 1.7 44.5 U .37?s71. .33)ib Ut .c d 4..Z7 0.1197 .14b o1,76 .15 4 U.133 '2.
4.. *. -Z3.:- .17 4.147 1 533 &153 - 133 's.3 1.3..ZT41 SIT 2 3.7 -.264 4.1.1 G.1169 .. 8 C.2612 .1,807 C.1.31 4o .. 1Z 93.; 3 1.5 7 L.257 3.1.i a0.11i69 4.148 1 .3416 4.9. 1 .131 .52 .5tl
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06Set No. Symbol T,K Ref.

2 0j 293 [109]

2 Q+ 293 [1091
3 & 293 [1091
6 4 293 [109]
7 x 293 [1091

8 x 293 [101]
9 Z 293 [1011

10 Y 293 [101]
11 x 293 [1011
12 E 78 [94]

0.2 -13 1 298 [85]
14 I 298 [54]

10- 10 Wavelength, pim10102

Figure 20. Transmission of Sodium Chloride



TABLE 29. SLC.NRY OF MEASUREMENTS ON THE TRANSMISSTON OF SODIUM CHLORIDE

Data
Mn~hod Waveegh Tprtr,

Set Ref. Author(s) Year elength Temperature. Specifications and Remarks

No. No. Used Range, Pa X

1 109 Barnes, R.B. and 1931 T 33.5-74.7 293 Vacuum evaporated thin film specimen of 0.17 rm thick on cellulaid

Czerny, M. substrate; transmittance spectrum obtained; data etracted from a
figure.

2 109 Barnes, R.B. and 1931 T 32.3-75.0 293 Same as above except for specimen of 1.35 m thick.

Czerny, M.

3 109 Barnes, R.B. and 1931 T 32.3-75.0 293 Same as above except for specimen of 1.7 ma thick.

Ceerny, M.

4 109 6.,rnes, R.B. and 1931 T 34.6-75.0 293 Same as above except for specimen of 2.3 =.i thick.

Czerny, M.

5 109 Barnes, R.B. and 1931 T 33.5-75.0 293 Same as above except for specimen of 3.4 mm thick.

Czerny, M.

6 109 Barnes, R.B. and 1931 T 33.5-75.0 293 Same as above except for specimen of 3.6 e= thick.

Ceerny, M.

7 101 Ceerny, M. 1930 T 35.8-46.3 293 Crystal; p].,te specimen of 8 na thick; spectral trais:Ltnce

obtained; data extracted from a figure; :rrperature not given;

293 K assumed.

8 i01 Czerny, N. 1930 T 35.8-47.4 293 Same as above except for other specimen of some thickness.

9 :01 Czerny, M. 1930 T 35.0-44.3 293 Same as above except for other specimen of 14 rm thick.

10 101 Czerny, M. 1930 T 33.4-40.8 293 Same as above except for other specimen of 19 m thick.

11 101 Czerny, M. 1930 T 35.8-46.3 293 Same as above vxcept for other specimen of 24 m- thick.

12 94 Miyta, T. and 1967 R 0.159-0.213 78 Si-gle crystal; obtained from Harshaw Chemical Co. or Zrn-% by zone

Temiki, T. refined fro melt; cleave specimens of 0.63 -m thick; trcss: ea

determined by an ultraviolet spectrophotometer; data cstracted from

a curve.

13 85 McCarthy, D.E. 1967 T 0.17-3.0 298 Synthetic crystal; plate specimen of 5.0 -t thick with ourfazes

parallel to within 0.001 r-/mm of leng-h and f> ,t to wthin .0

fringes or better of the mercury green line; a:,urent:ts r-de on
double-beam instruments with accuracy of :2.; data extrcted item a

figre; temiperature not given, Z98 K assumed.

14 54 McCarthy, D.E. 1963 T 2.0-21.0 298 Synthetic crystal; plate spucimen of 5 cm thick; graced and polished

to a flatness of seven fringes or better on both sidcs; data cc-

tracted from a figure.
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TABLE 31. PEAK POSITIONS (0max) IN pm AND HALF-WIDTHS (W) IN eV FOR fHE F, R, M, AND N
ABSORPTION BANDS IN SODIUM CHLORIDE*

Interionic F band Ri band R2 band M band N bands
dist., d Temp. W X X X

(A) max max max max max

2.81 RT (0.471) (0.547) (0.592) (0.701)
0.458 0.46 0.720
0.465 L.47 0.725
0.466 0.49
0.470 0.50

NT 0.448 0.28 0.545 0.596 0.706 0.823
0.450 0.31 0.713
0.452 0.41

HT 0.450 0.25
0.28
0.29

* Values were taken from Ref. 1691.

t Values given in parentheses are calculated from the Ivey relations (701.

F band X mai 703 d
l'
-8 for NaCl structure, A m 251 d

2
'
5 
for CsCi structure.max max

R1 band X m 816 d'
s6

max

R2 band A m 884 d
"
8O'max

M band A - 1400 d
"5

max

!/
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TABLE 32. RECOMMENDED VALUES ON ABSORPTION COEFFICIENT OF
SODIUM CHLORIDE IN IR REGION AT 300 K

N), c-1 Um Absorption Coefficient, cm-
1

VIntrinsic* Observedt
intrisic* (Selected)

4.OOOE+02 25.0 l.9E+l
5.OOOE+02 20.0 3.2E+O
5.010E+02 20.0 3.1E+O 2.5E+O
5.510E+02 18.1 1.2E+0 l.2E+O
6.OOOE+02 16.7 5.3E-1
6.020E+02 16.6 5.2E-1 5.7E-1
6.510E+02 15.4 2.lE-1 2.7E-l
6.998E+02 14.3 9.OE-2 l.OE-l
7.OOOE402 14.3 9.OE-2
7.508E+02 13.3 3.6E-2 4.IE-2
B.OOOE+02 12.5 1.5E-2 1.4E-2
8.511E+02 11.7 6.OE-3 4.6E-3
9.OOOE+02 11.1 2.5E-3
9.434E+02 10.6 1.1E-3 l.OE-3
1.OOoE+03 10.0 4.2E-4
1.079E+03 9.27 l.OE-4 2.6E-4
1.100E+03 9.09 7.1E-5
1.200E+03 8.33 Il1E-5
1.300E+03 7.69 2.OE-6
1.400E+03 7.14 3.E-7
1.500E+03 6.67 5.6E-8
1.600E+03 6.25 9.4E-9
1.700E+03 5.88 1.5E-9
1.800E+03 5.56 2.6E-10
1.887E+03 5.30 5.6E-11 3.4E-5
2.632E+03 3.80 9.4E-17 5.3E-5

*Intrinsic values were calculated according to Eq. (29)
with uncertainties about ±10%.

+Values in this column are the total absorption coefficient
which are either lowest reported or those used to define
the constants in' Eq. (29). Uncertainties of these values
are about ±10%. Values lower than l.OE-3 carry higher
uncertainties up to ±30%.
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3.4. Potassium Chloride, KCI

Potassium chloride is widely used in spectroscopy, since its optical

properties make it h convenient window and prism material over the spectrum

from the ultraviolet to the infrared. The transmission range is about 0.21

to 30 um. A plate 1 cm in thickness transmits radiation up to 24 wm. Since

strong absorption occurs near the transmission limits, the transmission range

of KC1 is about 0.38 to 21 wm. Of all the substances which are otherwise suit-

able for optical parts, KC1 is transparent over the widest range of the infrared

spectrum.

KC1 crystals are grown in the same way as NaCl, but sometimes multiple

crystals instead of single-crystal ingots result. Therefore, large prisms

are somewhat rare and expensive. As crystal growth techniques improved, crys-

tals 30 cm in diameter are now available.

Measureme-t of the refractive index of potassium chloride dates back to

1871, when Stefan [861 determined the refractive index of a sylvite prism for

the B, D, and F of Fraunhofer lines. Later work, represented by Rubens (1121,

Martens [87], Paschen [88], and Gyulai [27], provided a large amount of data

in the transparent region. Measurements beyond the transparent region were

not made until 1934 when Cartwright et al. [102] analyzed the reflection and

transmission spectra of KCl thin films in the infrared region, 126 to 232 pm.

In the low ultraviolet region, Tomiki [1131 published values obtained by analyz-

ing the reflection spectra. Refractive index data are now available for a wide

wavelength range from 0.106 to 232 Wm.

Li [331 reduced the then available experimental data on the refractive

index to a common temperature of 293 K and after careful evaluation and analysis

adopted a Sellmeier type dispersion equation to calculate the refractive index

at 293 K in the wavelength range of 0.18-35.0 pm:

n2  1.26486 + 0.30523 A2 + 0.41620 X2 + 0.18870 X2 + 2.62,, 2 (30)I
A
2
-(0.l00)

2  
A
2

(0.131)2 X
2 

(0.162)2 A2-(70.42)2

where X is in units of Wm.

investigations of absorption coefficient for practical applications are

generally classified into three wavelength regions: the ultraviolet and the

12 W"I__
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far infrared limits of the transparent region, and the transparent regions.

In the ultraviolet region, the main motivation for the study was to investigate

and to determine the Urbach-rule parameters.

Roessler and Walker (91] determined the absorption index for KC1, in the

spectral range from 0.047 to 0.248 pm, by a Kramers-Kronig analysis of the

reflectance spectrum. Evidenced by the strong temperature dependence of re-

flectance in the exciton region and the appearance of spin-orbit split doublets,

the surfaces of the KCI specimen examined were near perfect. Kobayashi and

Tomiki [93] studied the effects of impurities on the absorption coefficient

and found significant shifts in the position of the fundamental absorption edge

and an absorption band at 0.204 pm. The latter is due to the presence of OH

ion as an impurity in KCI grown in air. However, the shift of the position

of the edge may not be caused by the OH ions; it may be due to the presence

of bromine and/or dislocation in the crystals. Tomiki 1114] and Tomiki et al.

[771 studied the absorption of KCI in the wavelength region between 0.1 and

0.4 pm for the purpose of determining the Urbach-rule parameters and finding

the features characteristic of the intrinsic tail. Through a systematic ob-

servation and analysis made at various temperatures they found the following

empirical relations between some parameters

E - 7.834 eV

% 1.26 x 10" ° cm- '0

hf = 13.5 meV

o = 0.745so

for the expression of absorption coefficient of the intrinsic tail

C . C exp [-Os(T) (Eo-E)/kT] (31)

where

2kT hfos(T) =Oo - tanh 2k---

Measurements of the absorption coefficient for the infrared transparent

region are just recent occurrences as the development of high-power IR lasers

has led to a need for better characterization of IR window materials. Among

other things, the absorption coefficient plays a decisive role in determining

whether a material is adequate for laser optical components. For this reason,

absorption coefficients of a number of selected materials were investigated

at wavelengths of laser interest. Potassium chloride is among the best laser
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window materials and its absorption coefficients at wavelengths 1.06, 2.7, 3.8,

5.3, and 10.6 pn were intensively studied in order to determine the influencing

factors that contribute to the extrinsic absorption. These studies are very

informative and provide clues and means for material preparation and parts

fabrication in order to minimize the extrinsic components in the absorption.

To see whether or not certain intrinsic mechanical and optical properties

at 10.6 wm could be achieved with the polycrystalline KCI, investigations were

made on KCl specimens with various dopants. Shrader (115] observed that while

the 10.6 pn absorption coefficients of the tested specimens were, in general,

about the same magnitude as that of a pure KCI sample, 8.9 x 10-' cm-1 , the

absorption coefficients of doped KCl in the uv region are very much higher

than the pure specimen.

Hass et al. [116] studied the infrared absorption in KCI single crystals

near 10.6 Vm using calorimetric techniques. They were able to separate the

surface and bulk absorptions and a value of 8 x 10- 5 cm- 1 was assigned to the

bulk part which is close to the estimated intrinsic limit of the crystal.

They also found that an absorption band near 9.8 pm was present in all samples

examined and appeared to be largely contributed by the surface absorption.

The existence of this surface absorption band prevents observation of the in-

trinsic. They concluded that careful preparation and finishing of KCI crystals

can give a near intrinsic absorption level at 10.6 1Am.

Harrington and Hass [78] investigated the temperature dependence of

multiphonon absorption at 10.6 pm for KC1 samples. The absorption coefficient

and its temperature dependence have been observed to vary markedly from sample

to sample. In most cases, the absorption coefficient below 600 K is essentially

independent of temperature. For purer samples the absorption coefficient in-

creases more sharply at higher temperatures as would be expected for intrinsic

behavior.

Boyer et al.[117] studied the temperature dependence of the absorption

coefficients of pure KCI crystals at 10.6 pm from room temperature to within

50 K of the melting point, using laser calorimetric techniques. Crystals from

a number of different sources were employed and the lowest absorption coeffi-

cient was observed with a crystal grown in a CCl4 reactive atmosphere designed

to minimize the introduction of oxygen-containing impurities. The temperature
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dependence of the absorption is observed to be very sensitive to impurities,

but for the best crystal with the lowest absorption, the dependence monoton-

ically increases, which is anticipated for near-intrinsic absorption of the

crystal. However, there always exists a surface absorption band at 9.5 um

whose wing contributes to the total absorption at 10.6 Um. When this surface

component is subtracted, the bulk absorption coefficient is 8 x 10- 5 cm- 1,

which is in good agreement with other investigations. It has been experienced

by many workers that the surface absorption can be considerably reduced by

appropriate chemical polishing.

Deutsch [12], using a differential technique with a dual beam spectrometer,

obtained absorption coefficients in the wavelength range from 13.3 to 32 pm

for both single crystals and polycrystalline KCl provided by different suppliers.

it was found that within the accuracy of the measurement, the long wavelength

absorption coefficients of the polyerystalline KCl are the same as those of

the single crystal. Furthermore, it was also found that the experimental data

could be represented by an exponential relation of the form

a - exp (-v/vo ) (32)

where

a = 8696 cm
-1  

and v = 50.8 cm
-

0 0

This relation was believed to represent the intrinsic absorption of KCI. The

extrapolated absorption coefficient at 10.6 pm is approximately 8 x 10- 5 cm- 1,

which is somewhat lower than the measured values, 5 x 10-4 cm- and 3.5 x 10- " cm-1 ,

for high purity samples. In a later study, Deutsch [118 reported the CO2

laser calorimeter measurements on the 5.3 and 10.6 pm absorption coefficients

of numerous KCI crystals with provisions made to eliminate the effect of sur-

face absorption. One of the crystals showed a 10.6 pm absorption coefficient

of 6.6 ± 2 x 10- 5 cm- 1 which corresponded to the predicted intrinsic value

by the exponential relation, Eq. (32). It was then estimated the surface ab-

sorption to be 1.1 ± 2 x 10- 4 per surface and, thus, the total absorption was

dominated by surface loss. The lowest value of the 5.3 um absorption coeffi-
cient he obtained was 1.5 x 10- 5 cm- 1.

Hass et al. [119] measured absorption coefficients by calorimetric techniques

at 1.06, 2.7, and 3.8 um for a number of KCl samples. The results at 1.06 pm

are generally in the 10
- 5 cm- 1 range with the lowest reported at 7 x 10

- 6 cm- 1

1w
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which is very close to the limit of the method used. However, at wavelengths

2.7 and 3.8 jim, their best measurements were 3.7 x 10
-
4 cm

- 1 and 2.1 x 10-
4 cm

-1
,

respectively. Compared with the absorption coefficients at 1.06 and 5.3 Wm,

the data imply excess absorption at 2.7 and 3.8 pm even 'n the purest available

crystals. This has been observed rkot only in the KCI crystals but also in a

number of low absorption alkali halide and alkaline earth fluoride crystals.

The cause of such excessive absorption was not understood. They suggested

the possibility of being attributable to the OH and CH impurities. If these

were eliminated, the absorption level at these wavelengLhs could be reduced

to 10
-
5 cm

-
1 range or lower.

Klein [120] investigated the origins of the extrinsic absorption at 2.7

and 3.8 Wm. Correlation with vacuum-ultraviolet absorption measurements indi-

cated that all of the excess 2.7 jim absorption can be accounted for by the

OH content of the crystals. At 3.8 4m, the surplus absorption in the specimens

are most likely contributed by the carbon-oxygen lineages, e.g., COF 2, CO-
2
,

HCO 3 . Klein s ggested that diminished residual absorption at these wavelengths

can be achieved by substituting hydrogen chloride for carbon tetrachloride

in purification procedures and treating the salt below its melting point.

Hass et al. [97] used an improved laser calorimetric technique in the

determination of the 10.6 pm absorption coefficient of the material. As time

elapses, the effect of surface absorptions and other contributions is reflected

by the increase of slope at equilibrium. As a con3equence, the s-irface and

bulk absorptions can be separated by this technique. The bulk 10.6 Om absorp-

tion coefficient of KC1 obtained by this method is 8 x 10
-

l cm 1

The currently available lowest bulk absorption coefficients of KCI ii, the

laser wavelength region were obtained by Allen and Harrington [98]. Since

all of their calorimetric measurements were performed on one pure sample and

at one laboratory, their results provided a more consistent and exact descrip-

tion of the dependence of the absorption on laser wavelength. All of their

results are below 6 x 10
- 5 

cm
-
' level with the lowest value, observed at 5.3 pm,

of 5 x 10
- 7 

cm
-1 

which is at the limit of their instrument sensitivity. Earlier

investigations of wavelength dependence of absorption by Rowe and Harrington

[121] and others yielded considerably higher results than this data set.
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It has been found that the following facts are common to all of the

measurements in the laser wavelength region:

1. Surface absorption predominates at low bulk absorption levels. As

a consequence, the observed total absorption is higher than the bulk.

The surface absorption band at 9.6 M is strong enough to mask the

intrinsic behavior of the crystal in the wavelength region centered

at 9.6 Man.

2. Absorption due to impurities contributes to bulk absorption as well

as to surface absorption. At wavelengths 2.8 jm and 3.8 )in, absorp-

tions due to hydroxyl ion and oxygen impurities are particularly

outstanding.

3. It appears that the above mentioned extrinsic absorptions may render

the crystal an unfavorable window material. It has been found, how-

ever, that the objectionable extrinsic absorption can be reduced

through improved purification and polishing processes.

4. Low total and bulk absorptions, of the order of 10
-
6 cm

-1 
or less,

were found, at wavelengths 1.03 and 5.3 pm. Although this value is

still very much higher than the respective intrinsic limits, the re-

sults represent the limit of instrument sensitivity. Were the sensi-

tivity of the instrument increased considerably, one might be able

to observe very low absorption.

Figures 21 to 24 are plots of the available data. The pertinent information

for each data source and the corresponding original values are given in Tables

33 to 36. In addition, available information and data on the reflectivity and

transmission are also presented in the same manner (in Figures 25 and 26 and

Tables 37 to 40), for completeness and comparison. For the visible and near

visible regions, Table 41 gives the spectral positions of the well known color

centers. Noticeable absorptions are likely to occur at these centers when

the crystal is exposed to ultraviolet, x-ray, or high energy radiation. How-

ever, these absorption bands may disappear at high temperatures or by appro-

priate radiation, corresponding co the so-called "thermal and optical bleaching

of color centers."

The recommended values given in Table 42 were calculated from Eq. (32).

In the range between 10 to 32 Vm, these values are supported by measurements
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of Deutsch [12]. At other laser wavelengths, the observed values are generally

higher than the calculated ones because of extrinsic contributions due to sur-

face contamination and impurities. Current research has shown that the extrinsic

absorptions can be reduced through improved techniques of sample preparation.

Therefore, intrinsic values may serve useful purposes. It should be noted that

the values in the "intrinsic" column are the lowest limits that we can obtain

for ideal samples. In practice, the observed values are generally higher than

the limiting values at low absorption levels. Unless values appear in the

"observed" column, the limiting values are considered as guidelines for esti-

mation and investigation.

Although it was not the intent of this study to evaluate the absorption

data in the vacuum ultraviolet region, in order to provide the users a total

picture of the available absorption data, plots of available data in this re-

gion are given in the Appendix of this report.

I
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- Data
-Se t No. Symbol T,K lef.

10 6 1 M 300 [91]
9 0 299 [931

10 A 329 [93]
11 + 373 [93]
12 X 420 [931

10 5 13 0 469 [931
18 + 4.2 [12 5]

19 7 8 2

35 115 14
36 1013 14

to 3- 3725 14

3 11

.0
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10-I

102

47500 50000 52500 5S000 57500 60000 62500 65000

Wavenumber, cm-2

Figure 22. Absorption Coefficient of Potassium Chloride in the Urbach Tail Region
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10 I

Data

Set No. Symbol T,K Ref.

3 M 300 [116]
10 14 ( 298 [124]

15 A 300 [121
16 + 300 [12]
17 X 300 (12]
25 0 298 [1151
26 + 298 [97]

27 X 298 [98]
30 Z 298 1129]
31 Y 298 [129]
42 x 298 [99]
43 ) 300 [121]
44 x 300 [121]

E 45 1 100 [1211
46 A 200 [121]
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Figure 23. Absorption Coefficient of Potassium Chloride in the Multiphonon Region
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tttefrom 13.5 to 20.5 cV, bc-low 13. 5 eV r..flerttx !i ta

of Itmiki tiloi-d while t:,tts of rPIh-.lJct It a1. .1-a
bito od 2(0.5 e%'; thea cs-rr.,ett'd fc- i ft -ire;

3 11 lb -. Mas . *1974 C 9.2xlO 2-1.QSxlO3 303 Sgecrta; ~rown by 1t -, Ptt:, f tthad ina ri
[tt-is,: J.4., te ter-tc or Ii io .tt -- 'o-'!.,- -* . ooc,-i t- ol' .wl -1-
01.-in. P7l 9.,.t -od it: Co.,:.t: ::uI ~ 5  ti-J ' 'Cn o.iI , sts

Layer, V.I.. withi a too O: 1C-lastr to cali-rt ri - to
absorption o+fii-i Wt.o~~i-;~

daita extracted from a f i- arc; h Lip r o a ii rfac aI-
s orption band tear 5.8 npr it c.rottio of 5hsr'
,i on.

4 Io Carttrdg.iL, C.P. and 1934 49-92 293 Oryotal; thin plate f;eo ti2s
Cot-rny, It. coefficients doditeed fro., teznstrt~nc-'e thic- t-

sitremnts; data extracted fra. a fiq ror

5 )02 Cart--righr, C.I. andj 1934 T 43-91 293 Sit-ilar to abase exeept Poras-nc-eon o! 
1 5 

inj hz cv-

6 202, C ':tIrir lt * 0. I. .in'l 193. T 42-94 293 Similar to ahove eseept for ci spc. en o. 2r6 . nt.. :,.

7 102 Cartwrclght, C.11. and 1934 T 42-70 293 Sit.,ilar to ounce eseipt for .i ofeten 347 ;r,-to k.
Ct- rny, X1.I

3 103 1t-11, l-oit*i.. I' 9.StxiO
t
-Z. 310 293 S in:'l cryI- l I provided !,y K.tl Koreth.sol C tie; f Irsy

Silioski. H. Vc ttsy I , a i sle of io-n--- L!t-'; S;. I ir tI

9 93 k-iv;Ii, K. ,nd 1961 T .sO-57s0 299 CIp olI ; Iee i-I I I i le; con.t .. cocoA r l - oo xi) iS-
to-- C.a olt-v triett)a di-oltonU I s-nol ici il 1oi ' I. i~ot, I 1 '

pot cc -td n l-y tea,. of Zs 10: .-r orc; tr n--it Ioo -
at t i-cic iii toil -stoaridJ - irb a1 V-.,;- cUl LI-il-E

opeitrt~lo~lere; dta esi racted Pej. a sfltore.

3 93 V.a.cti K.,and Il I T S5xltI U'S. 7. o' 327 ISine Astose.
T- -c.



Jx.; L133. ,cg U f P.,:;ef, rS ON Til I:ASiTi 10\ COL:Y FC I:N T4 0: P!51 I LX t~I.} L 1C,, I DL .J r pndfncCI) (u:in,,d) c

No. baQd Li______

II 93 Krb .si., K. and 11)61 T 5.45x10j-5.inIO* 373 Similar to above e-xcept at a higher terperaturc.
T.-ihi,. T.

12 93 lo.ys'.K..and 1961 T S.35x1l..-5.53alO' 420 Sircilir to above vx..t:it at a Migher tenpCratuce.

13 93 fo.aeK. and 2961 T 5.25n10'-5.44x10' 469 Siitllar to above except zr a higher remiperature.

Tonlki, T.

1t. 124 Deurseb. Ti'. 1974 T 8.O01-1.25x10' 298 Sing-le crys tal; b.,r pecl-,ns of 6.4 cv. long: aboryt ian
coefijiiots deternined from tranis-iuo r.casureuents; data
eertrartej from a fiiure.

;5 72 ijuutsch, T.F. 1973 T 5.0x10-7.5xl0' 300 Single cryStl; obtiixed from the ll.rsliaw Chcznical Ce.;
specimen of 2.S4 cm diameter and 2.54 em thick: .liaeprio.
coefficients doteretined using a uliferentlal'tcIjiue with,
a dual-beam spet roplioeomerter; data extracted Kt- a figure.

26 22 Da tsen. T.P. 2973 T 5.98xl0'-7.53n10& 300; Sivil:.r to above exrcpt for in tiptovac sinele crystal.

17 1 2 D-,ch, T.P. 1973 7 4.49xl10-7.50s10 300 Similar to ibove except for a liare!.iwplyryaii.

i8 23 Tomiki. 2. 1966 z 5.6.10'-6 .2 .10' 4.2 Sigecrystal; obtained by a -uac ret ioiug in chlorine at-
mosphiere following vacuum distil lation: cletaved !pecincv of
0.0175 cm to 0.497 cm thinck; absorption rorffici'nts dduced
from reflectivity and transmissloo; data extracted from a
fi;gure.

29 125 Tomiki. T. 2966 2 5.6 x10'-6.2 .10' 81 Similar to above except at a higher temperaure.

20 125 Tum Iki. T. 1966 2 5.6xlr'-5.SxlO' 295 Similar to above except at a higiher teeperaturc.

21 126 Philipp, H.R. and 1903 5 S.8,l0*-l.83xl0
5
- 298 Single cryst.1l; ultaiosd from the iiarsllw CIteical Co.; b

B~xe'c.i. sorption coefflcivats deduced from ref lettiun spetrue; daita
extraicted frem a figure.

22 127 %ob.yashi. K. and 1960 K 3.3x10
5
-5.52x10' 285 SiagIc cryxtail; growcn by vacava distillation; drivel sieci-

TusIki, T. mcmv of 0.6-1.0 mnn thick; al-orpt ion reuffi, ivats naxxrtd
with a vavcaum ultraviolet fp-ctrr-phieto-tvcc: data ret carted
iron a finure.

23 128 1u2'mr oa, K. and l96ft R 5.8i9.10
2
'2.86x10

2  
300 '2n:ecr)-ral; well ',ol is!ed a..l 'urfac-; ref l.tilety

Bell,~~i K.'ldphs; sotaei-l :--11itd b1y ..- ) itri l',ti~r-
r ram ftarm xpeetroee~ipy ond I-irpti- t coffi,-iteddue
fromn ti, .esrceatx daa ,tr.ittd fran a tipvre.

24 10,1 kzv, l n 1973 K 9.0s10'-1.3:4102 1.8 Sfnfgle crystal: grown from pure synt!,esiedJ peeds,-s listtlled

Na-u, K. in vaciun iod zoned refined in a qnlrte tal- n .1 Ior ine Ja';
clea.ved; peocs.try nor speefiid; data tan from a1 -0x,



TABLE 33. SL2V<ARY OF MEASUREMENTS ON' THE Z'!SORpTION COEFFICIENiT OF l'OTASSiUI hii.O1!Dt ihavc-eber Dependeoce) (conclnuedl

REc. t.aMethodber T-,. rt re
S"t Author(s) Year Rlto o,' ~ ~ 5'ciic~i:, . 5.-orks

25 125 Shrader, F.F. 2974 C 943.4 298 Pore crystal:; pol ished disc specimens of 1 cm th ick; a17op
r~oo c-cilici-t coasted by calorico-tric methud; a

1 
r.. ed

s.-iiu of the ccasarcccnt 0.00089 cs.'- ;.-I'sorpt ten :3.1.: -
cleurs of doped KCI s-pies also r-,eas.;rcd with: res-t.is of
sicil1,.r order of -igni tude as that of pare cry~tl t i a
toire -aS 1ot spec'fied, 298 K discussed.

26 9, Sa'ss, 1... * aisn 975 C 943.4 298 Sinigle rystal; grown in reactive arsaspbore; reeranuiar
li.. Ilsenstork, parallel,-piped specimen of length 6.9 cm; all sin sid..s cl cr-
H.8., * md Bobiskin, J. iralip polishevd; loser calorimetric .,hod usod iad the thee-

cal rise curve obtained; bulk .. scuz e-Itt ter-
minid hosed on the initial slope of the curve.

217 53 Allen, S.D. and 3979 C 943.4-3571 296 Single crystal; frown by a ro.ctivo atn p'-re pnocc,;a rot
llorrittgton, J.A. specimen of 1 cm x 13.97 cm; calcii tl uS-; bh!c

absorption coefficient; datan extracted from a f cce.

28 119 Hass, M., *Haurrington, 1976 C 943-.3571,2632 298 Single crysr.,l; high'y purified .. ad 'os-
4

rodpo:c5
J.A.. Cregoty, D.A.,* measured with laser calorimetric teche ,ces; data ,.tr-.o
-. d D-nlso , l.W. from a t.able; origins of higheir atbs.

3.8 ii: One to imyslciis it. bolk -Jra .e ote
t-Inait ion.

129 uS llcnh, T.F. 1975 C 189? 298 Siuigie crystal; rod specimen; calorimetric method aced; d..ta
estracted from a robin.

30 i24 Menrei, A. 1934. 1 222-455 298 Single crystals; thin fib-aund pateC ,ccOs f t! chness
from 16 cm to 10 0.0; absorption coefficiecits cecrci;:,d from
ttansmission me.,suromesa; data extract', from. tb*

31 129 ileotnel, A. 1934 2 422-169 298 Single crystals; plate specimes of 10.7 mm- *o I on; trans-

mission -,,sared by Rnb-n id Tro'brad 'ze J1753 ;: '
inicorporated with reflectivity obta-, .a - 1: Lois :. r a, the
obscr~tfri coeffieieoit dctermiond; data en ced from a
table.

32 23 Ceneel, L., loa:p, N., 1959 1 3.1-33 298 Crystal; plate specimens of 2.5, 5.D, 35.6ht
,sod W,ber, R. troisni ten eanrod and ib-orPcn : a. on a -:

d.,ta exr.tdfrom a fi .rc.

33 1:. Tnoiki, T.1947 z 6.ii-SsO 10 Sig rystis; note ref iltO in rho
ofter the process of theVacm Ci' 10 O t. 5.

posi!er; s pectns with cl.5:2 surf..ces;rtt
olits 0!.-ter7Aied from reflect -. isi -aO....sc
ments; data extrarted from a fi:;urn.

34 114 a-11'1, 1. 1967 2 5.6nlO'-6.7e10' 78 Same on above.

3 13 Timiki, T. 1967 2 5.sO-.s'85 Some as a.bove.

5I I-..O



TABLE 33, SG3.ARY OF W-IS 'FE MNTS 4N' ThE ABSORPTION COFFICE.T OF POTASSIL'M CHLORIDE (W.venauber Dependence) (continued) 0

.Set o. Aahor(r) Ye.r Ue Specifications and Re..-rks

Us Led r K

36 114 Tmliki, T. 1967 Z 5.5x1O-6.2x10i 183 Same as above.

37 114 Tomiki. T. 1967 Z 5.4.1O-6.8xC 295 Same as above.

3,8 14 T a .kI. 2. 1967 Z 5.3x104-5.7.lO 373 Same as above.

39 114 Toniki, T. 1967 Z 5.8x10'-6.3x'O 387 Same as above.

40 114 -,.iki, T. 1967 2 5.0x10'-6.3xl
.

0 477 Same as above.

"1 114 Tomiki. T. 1967 Z 4.8xl0-6.8sxl0* 573 $ace as above.

42 99 o.%oastock. H.B., 1976 C 943.4 298 Single crystals; obtained from the naval Research Lab., the
Gregory. D.A., and liarshaw Chemical Co., ald the Raytheon Corp.; merhiniclly
Farrington, J.A. polished and chemically cleaa-od with spectrograd-, CCI; laser

Calorimetric method used; data tken from a table; it was

found that the surface absorptionl was abott 45 titans higher

than tho bulk absrption.

43 121 Rowe, J.M. and 1976 C 943.4-1048 300 Single cryLal; gro'n by the early reactive-at.o ,hcro-
Harrlngton, J.A. process; chemically etched surtaces; total aborptian coef-

ficiet determined with laser calorimetric metlod; higher

absorption near 9.6 ue due to extrinsic "ources; Jta taken

from a figure.

44 122 R.e, ..
:
. '.a:d 1976 C 943.1-1048 300 Similar to above except for sam7le$ grown by Improved -cac-

Ilarriagton, J.A. tive-atmosphere-process and absorption near 9.6 i'm decreaseJ.

45 121 Rowe, J..R. and 1976 C 943.4-1048 100 Same as above.
tiarrington, J.A.

46 121 Rowe, J.H. and 1976 C 943.4-1048 200 Same as above.
Harrington, J.A.

I
I'

, !



ThJLE 34. EXPERLMENTAL DATA ON THEl ABSORPTTON COEFFICIENT OF POTASSIUM CHLORIDE (Wavenuter Dependence)

(tavenumber, v, cm-'; Temperatture. T. K; Absorption Coefficient, a, cm-')

v v v a a CL (I

IATA 301 DATA 0ET IC(COT .)I DATA SLY 1(CONT.I 2AT4 SET XICONT.) JAYA SET 1(CO'vT.l JAYA SET 2tC2NT.)

o1.32 #5 6 .q.'S# 1..,2 4E:'5 1.'.67E06 7 .t5S3 E 4 1.3 371 t6 v. 2.OL*4 1. 397t' 1.to~ 9.-30E 45
c -17i5 2 .n35Ei5 .s 25i*5 7S-,EIk5 1..e-..i-S -..513E4 T..,S, ;.35t1*6 6.Z21r:,4 1. 4 2

6
c4 x.631.* S. 2-3..5

c..S'ii* S. 15,En5S 1.n210*5 9.13n4*3i 1.U .EL +5 1.53ZE*6 7.,t!3L*. 1.39706 o.v3l'.- 1..4SiZ#c i.'at' .E*
£.5 3.6105 1.6LT7Lts 9.956t5 .1.t 1.526E*6 7.DS~Is'n 1.44.1.6 6.In~t.4 1.46106 .3...* 8t22..L*s

k.05Z5.i* j.n,9.j* 1.45;.L6 5.9:91.'.i 1.2 706 7.5,419.' 1.364L#6 6.177E#4 1.%S;4th 1..5h5~ 7.-7405

.SZ;'5 .l~iE.5 .S3T:.5 9.99E+4 -7LE#S 7 .23,E.4 I. E#S 6.169E#4. 1.45-tn 3.t*#63..*
itS3. b.IL ;iEni 1 . b"l* 5 1 .X!2a9L 9 .:i.7E+ n.4923. 7. 194177 . w E.9030b 6.1oiE*% l..234.b :..5aE', :.5;..

7z*a 6.3j,,*i1+-.5* !.I. i1*6 9.,323'n 6.L160*5 6.9 351.'. 4-.SE.5 o.1293.'. l.35a.'b t..Z.a .7.L'
7.,6.ni3E- 1.432.+5 8..,ZEtS 8. 95ZE.' 5.849E+5 6.835t,'4 4. q9E*5 o.L.3-t4 1..7.t i.1cb b.533t*5

1.4'7E.5 6.877z+' ...na' .37Zr'5 6.3:1E-4 5.5g990' 6.8551*t4 4. 3930* 635.:. 1. 6790... .- C5:i , .n 5
.,7.215E-5 1..dc,*5 b.j430.-5 8.70' 5.239E+5 6.5iSE". 4.5S3t#5 6.3.50*'. 7.145.9.5 .. s: t . 8o33.
Jj*.$- t.5j. t, 9. 7 Ie6 S. 7 9 E - 4.5290E5 6.-73. E -. ... 37E#S5 b. ".d8E 3. 77i 3. 5 1 .S iz3Ib .;E 5

1:3 7 .7 .,Z .5 +n b. '37L #5 S7 E- 4 '.4 t70 +5 E.. 77.f.4 . '.341iE.5 5 . S,50#'4. ~5GC0* 5 ± .ijt ', 6. #5-
.. 

7
.. st. t4 -.297E05 6 . .zt:-.5 5.167t#*'. .4830 * 1 .'7;-+ *' t

7T- n1j c .. nl-i 47 *5 0.974.-5 8.nna *. .. 3n3E#5 6.734-4.3t~* 5.8060*4 7.Zin ).J..*.;...3*
7,.., '.- 1.~374t*5 b.92ii'5 8.337E+4 '.5320.5 6.6.,... 3.36515 57.,-

7.7..,7E-5 1..56d:nS 83n - .. 1E#S o.tiSc-n Z.7'.2ES DATA 50t 12..e* .7..'
177 4-:.-5 7. 3..*, 1.347- '5 .323t.S 8..n-. .. 75*5 6n-?c.+'. 2.72E~.5 T =29J.. 1.2 *.z7 .

4 ,,.i . '5 ..0,E + j S. 2ca. *s.4 3i0*S 6.532L-4' 2.79.i*5 1. 3,L0 .. 3..L 7

?.75A-5 0.-c3;- *, .Jo * 5 '.2.dtt.5 8.14-4 3584E.5 6.5::tE.. 2.9,.81.5 1.6541*5 7.273E05 1.27-5 4.'1L-

* 7',*, 7.iCo*.4.niEe 3.73.0'S n..-4 3adt*5 .i'304 7.St.:.*S 4-. '7# 4..2 ..

7, 5 ~ 5 474., 65 a.*. .723E0*5 6...8.E*t4 
3

n. 0*S# 1.c633t.*a 8. 31E. t -1.7 5..
71 ti * j 1 5 1...5c. 05 5 .34 )cLt 7.9.8 .4 3.9(50'S 6. 4 oc.. . 3. 62 Et 5 1 .635it*45 9.20* *. - iv.c*7 7.61 4:E902

7~~ ~ .. --- -: b 1.6*i 5.873twt3 7.9a§:.-. .. 1356E-5 6..5ZE'n '..3781*5 1.631,+5S 1...c tt 5.C.E
1.71- ,* P* Ii 1S3?-57~5 7.9c3:.'. 4.5"5E*5 6.'.350*4 4.?TIE*5 1.(24E#5 z. 36406 I..J?.t7 D...7UcAS

.'7+7 * 7.5.1--+4 c. 7213., E. +. . .. ,5 ., c2. *5i .*. I1.1o.5.0t' 6. 4,. E -

' '5 *n o .. 5 d . !9 1' 7.52i3:'4 7 .;,76E05 6. 37:1-.". 7. e6 ,.'S 1. ce.,E+5 1.16 la ct 1.ziZ 'i7 t 5*

9,* .. 6 V3 ....-c3!"6 7. 7.~. 9. . 't0'6 6 -14E4 8 1.U3Et5 1.0E5!:;# 1.1 .23.6 &.17 .. "-.5:'
-,i5An E-6 .~nt 1..3Lt6 7.742E-4' 1.1170s6 6.27.0*'. 1-43L#6 1.i:51.9:' .. 3:.'7 ?d.:*

;-,br *'73.'5i 13. 7.1CE+4 160E*6 6.2580". 1.Ii1t*6 1.643t#5 1.120:*to .. 2 .' 6.'54

1 . 35 *, .... *,5 x.'. 5 1 .123.100 7. 7iLE.. 1.2.366 6.25S1'. 1.c9'.E#o 1.5o74t5 9.9X32.L 5 Z.3i,5 6.43G-.*5
*7 .n t' 7 ii Sn 55 1.13.Oto 

7
.n

7 7
0*'. .27dE*& 6.2 .Z 1 E#.3300.-;Et6 L.5194E + 1. 0 16Z .. C 6 18..L,7

1.5..iSO 5 1.36 E*6' 7.b.93... 1.316E*6 6.26* 1.494E+6 1.5690+5 l.97.03 1.iLE*..C'

t Zi# o.t ,a3, .4 +..1*S 5 i .4 211.t6 7. 661E0t4 ~.119E #6 6. 210" dE# .399E#6 1.1613.E 5 1.0620*5 1.73 .. 45;Lt



TABLE 34. EXPERIMENlTAL DATA ON THE UBSO&PriON COEFFICIENT OF POTASSV CHLORIDE (Wavenuxmber Dopeicolnco) (continued)

3AT. ..:T Z(0 4 ,T.) JA070 Sk- s(CCNT I J-1TS A k T 8 11)T4 SET SCON T. DATS SET iG(C^,jEr.2I OtAS SET

i..:..* .34...:.fL± 2..5SES?.507E#5 1 .3. iE*5 5.!97i+5 1.245L.*3 t.Z,,1-5
...c,.5 t...* .120cL 8.91L + 2.42CE.5 7.i331.5 1.2.npS 4.r93*5 rAtA SE T 11Iic+3I3u-

.. s,7, ;-D., o 2.S37S1-5 4. 759E1,9 4.* L..SE*5 T -33v123.

S ?ATL 34; S Z. 3.E*5 3.s33f noi5 1.,4ZE,3 -.16

211C3E5 1 73'~ E . 8E- 7' 5 5.76315 Z 4 7. 753* ±. -.

T - o. 1z1 .79* 2 .2S?E* 5.3.7- *c- . Jt4 7.9. 1 # .5e o I.525E1 :..714E3 !.7 3
7.7.~1n..31*. 2. 22; *, 5.345Et~i 1.l54E+6 5...29Z*. 14...1-*! ..:35.* .47.

*.C?3-6 4. 7,vt... o.7'.1 b.3'-al 2.i9t.*5 '5 t4cE*' t... 5i..7cEt 5.fltEL4 t. 75E *C 1.z.22E.3 a.2C-
-..h 3 :i. 37jc-. ,.ient*L+ 4 . 5C.. 2. I 42t*- !.C~E. 1121 E # 5 1.5'(Ec :+ -0* .~~ 13313Z4s

.5*3 i..2C i.'.t7i1 2..L* t , 9~E .7 6 5.5V*k' *5 .756c. 1..S3*43 .0 5.c
-. ,,*3i*7 -- ,2c; .$.24I 24- * -* 9.83!E,. :...6Bi~t ".i+. 2..UC4c. L.. VZE

35 . -n.-. .913.5 :.Z:.1*E0453. SET 12 1.4!7E'3ES4z -
.. jR * ,i 1' IAT4 alT 6 ±.9ocE*5 -.5.* 9.47A SET 9 1 7kS S.c

L2.~ .3 J 7.2c- 
?%9. -99~ .. :* 9..3 t.33k.-3

L. .74 t'7&.6 5 9.6S.,1 +5 61. it'.i+' 1. 0 niL 04 '.3ts*2 6. !a LE-3

9. 51.** k a.. I- ..Tc~ ?.?t 36.1*3- !.L i1* 5.727E-4 I.. CE a S.3151*. 7. 7 s.c. 91 .E te '.S.;-3

q..,3. +5CC0% *7c1 5.iE 01. 1 .79L '3 9.sR-UE-5 5.66.E 04 1. 5251* 1 5. 4*3 ,4 1. 3.40E*1 9 .3...A 'E .*62

#z1*.*. j .-12 3 3.324L .. L. 7.5E.5 94571.5 5.653..4 b. T.5E#G 5.'1. :1*. 5.. 22 .2 9 Z.CE*Z 1-4...-4
%79--*c 1.1.J 4, .97 *:C. B.o6.c. 0 1. 75.E 5 9. 368E*5 5.4.5E*4 5. :1221* S.39.i#4. 2.754i* 8L .t43E#Z 2.:.GE-5

9.,~s .677c.5 ~ 3
'~EDATA SET 23 5.3171*2 ,.235E-4

3.S-4SE I2 E4- 7- S 59$ 4' T SET C1* T4?~ T 3:9.: O.Z3.( Z £..,-

~ 9*~...3., .o:.. o.7.1 . 55.. 1 .117cc6 5 327j,. 1.t1'i S.25*.7.543

.14 A1 -C,.04;.-. 3.9?L* ;,.5.5 9,9L73 3.6t44E#. I.C:41*1 5. 2 !E1* . 1 .;i, 1

Z 3'.T f. . - 1 - +1 3 .a T5 t- 1 - .5 E -5 .. 1 . 5 , , 5 . t z 71E*+4 7. 7 E 8* 1' 5 ... E1-- S .0 l w +33 1 S T
,- I ET*7 7a..±Lt i. 54 E5 9.99E5 5.656E, . ;I.ZLE &1 5.33i~o- 1..54* + T .. .2-

7.2Lde;': 7.11. ±.3v'1 .cZL 1 1 -CE5 7-.731*5 5 .5751.4 2.?Sn*ZC 6. !561*S.- 1. .;: . 599c:OZ 4 6.3

44AEl . ,3..a.26#1 ll :. - 7 56 jz~L .2 E% . s4 * 6.-3i#-Z.55-

Id 6 I .9ES 55S- .5LZ 521L 1 6 . Ss-EZe23



TABLE 34. E-XPERIIflENTAL DATA ON THE ABSORPTION COEFFICIENT OF POTASSIUM CHLORIDE (Wavenumber Dependence) (continued)

Va v a v L v ctv a v 2

DATA ;ET i5(ZG01T.3 ZETA SET :dC(COtiT.3 OA14 SE1 2aiCO'T.) OATA SET 2t(COt.T.I DATA SET 221C0N7T.) 2.TL SET Z

a44c5.52cZE- a. 73.-t ?. .28L -2 5 . 77jE*54 4.656E #C 3 . 93iE4 S.8Z,* 1-63* E.1E. j1* 3 .6317F43

-.b5:o .E-.2 5.7os545 2.i2.E*4 9.51t.45 7.2,E#5 2.2Az?2 .csE- 1.2'7zE*2Z.Si

Z)ATA .7 . 5 .* Et+. 2 . 7 9 3 E# 9 .1 13 Z* 5 . I LE +5 zc. ±5 1 t.+ S. 2Zcr 1 75z.Z .4 .61 s*+j

z't ST i4 5.73,z+4'. .o Z 4.23* 4.1 L + 2.4lr -3. 1..

7 5.72b4*. ,..51t K. R.Z57.4 4.-E+,5 c...5L- *S.5.a* '1*

1.;LI*Z ~~~~~ 5.7Lt -4. .7tsE- .:SE llt5 - , a*

t~fl~c .:JC 0.j 4C.4 a..: 5. 7! 3-* f . 3-3 7.95.E*'. 5.2tLE65 z.J74Et2 ' r' .d.Et

~oii5.32;E-2 .. , -.1'.a'.54.L 5. *93-:4 Z.499E I 7. 742E4' 1.39,E 6 2 .)53E-2 a * ('t 1 1.2.! *2 1. 1,2

03 46.382ttJ 5.6i2E-% 1.355E12 7.3.774*4 5.2iuiE~s 2 3 't*2 5' j.-.:
2 
I.iE,

.)4T;.± cIT: t. ,7ts+. -- 5E-6 5.nc47E14 8.356E-2 7.197E4*5 3.i3.E*5 '-S47 *e 5.2;,?- *.z3 -s2±.7-

Z,? .,Z.tc-j 5.t 5i*4 .. 295Z-2 6.6354E-4 4*.445 72 03- ar*

*..~c* .t..LK SETc 1?
4

-t*J .34B.E53

3- -- ., -o4LIt*. .. jc. + 3..;,-L 1.3:5 .968EE~ 5.54. 3o.C.J34 :.s:;2 3.I7.oE#* . ... 2 . 5. 7m

51 0ia. .E* .2G T*5 Y 215.4 2 .L4-2i *3a

jat.,1.72'6--S ... £jE*6 .. '1
3
c*

2
3.35

O ..337 'c'D.5?7lt2 l..E245 '-.LFEF 5.'.12E'4 9.723.4*2 -* 
t 
s.2 2.3234-. S3t-

o* o.3 * .T*o7-47E-2 1.6-1E+ 5 1.3524'6 5...7tE0 .. 31CE*0 i15(t * .A24E-1l 1.,c .ole s-

t..JS 4 3.3 ~ 2 .o37E5 4.'C34'S 5.64,. '958 ftC .J?'.*2±.oo-: 1

4 ~ *lOL2 .o1 * .;l4S s 44L
4

2.823.*0 9 .jt* 1*2. .. 2 ti
~~~ ~ +S.- *. Z;5 .. 3. 5.24.- .. 3C- 9.1*A .3-c

I 4.-533E. 3 C E-t~ 9...~ 3.361 *1 . .95-
2 

.. 2.

a. 15' L. -Z -. E +o* e ~ Is' .37 57 "3 . #: ;.. 57- 1 ~ *21:t-

A *at-. ~ .sar*. 64 
2  

1 .*5 67.* OAT 3'T 23 9.11). m -- 6.5 16E2 *.utc4~-

65.t* ... 4 Z..2.' ..JiS 2 .. 3E5 7.OE5 6.4 .3 7.5~ E. +. *' T. =3, .0 .u

a.j'.5*' #4 . 573z~-' a. js4, Z..Z34-7 1. 3i)- +5 7.2,.0O+5 2. 5n4+2 i. .s±E-2 8. a~ .u5.L- 1..3IL*2 .. ?E

.
4

.. '.21.2663.rl 1.5tu2E*5 2.733E#2 2. 598.E-i 7. 5644*. 1.2?7-L. ..&c2 f.:,-E-;.

cii** oSo. 1.534;5 7.50,oE'S 2..427E+2 ±. 426E-1 ?. 3'.JL#* 1. L5Z4 .i* E .6+Z

I. ?I:~ E.. t .. & 5 9.5.3E*5 2.56-E#2 !..5 7 8E- 1 7. I1E19.7 Z7E-2 1..iiE*2 .35E-1

a.2403.r.- ,51,SE#4 ;.28a...2E*5 1..64E*t Z.356t*-2 '.637E-I 5.81.7*2. 4.4I6tt- L. .43* 4.2.55E-1



TA3LE 34. SSX?ERLMENTAL DATA ON THE ABSOR-flO, coEFFItCIENT OF POTASSIUMI QILORIDIaon~a Dependience) (.nnciued)

2414 4f7 4T IW'T. 24 :I 1 01274 SET 32 53.'..1 03TA1,E StI33tDl)Nl O.1 067 Sf 3s.(,Cn. I I 1 0T 31..

i5Z.IJTA5 ,1.?E'1 .. 5% C 6. 725E ., I.z53t4t 6,,4 tZ.*. . 1 k')~ 5,t4jjn. Z.5;:5-l

s.;;~~~~~c~~ cid4- 7.4 V .bc 278.4 6.03. 4 .niH c 6.f.. t2t, ~ 1.17. 3.71-
,... 4. 2. ;S L7- 1 6ii !;9 4 1.3 Cc E C. Z 5iEc t a L .2. l 35.. e, ;41ASfjc Z .6 -

e.~~~~~ ~ 6..* c2 Z>..' .~U. 6.2 6. *i T zSzc 153..

I * 246. Z 3.,' L.~c 
9

.,S. 4.311 6.25'D' f. j3,n .1 *4 8. 79 #t 1 5.2144' .15$i%
3 ,*i ... 9.z6!54,J a.8933. 623 .2.426c6 f-. itt 7 c .lR.qc c .t~. 7.7

... 3,i~cd~.t.0.. ,... '1 5.o3,~c3 8.ne'-6,27!Eff- e. -ie .572Et6 6.i*l .. 3lt;I.73.'nf .i.c

r? .. i.OIL! 7. 2 70. 3.z 3- 6 ;ifc 3. 31!.E#6 k 5i Z,3 * ,.96 c j I-- 7 .

0£ 14 L -* 4. -. 7 lc Z a ,c'- 3. j32e k!:6- 6...3 1 . 3t. 9i E.c 7 3 : A

5.cdd- a.5.- a~oI~ 5-.-c 7.i3-)- 5.T 5., 331a79401 S 3c L5 .2t3 ;, I

r 245.. *....450 £..
4

f4 4o75'.9 3.,e..jc .c.E. 1 3oiEc 6.t1?;cs 1434;t1O

I..~S 37,.0as. 6.,3E#4 .:.s .1. 6. .. ,E 04c Z.6ubLtt S 6. z.. Z.47 -! i .Efc1t:

S73. .t 6.-3 . *6 t,te.. b34dEec 6.36-E*. 1.dz' 6.7.5cc. i.si
,t;n-d., r t 'e.c -t' b n, . 5..Ztc S... r' 236e .li4 895- t h . .t. . I

DATA.c' S- 3336* Y.ti~ 6.223'.4 DATAE~ 5.9.1. 63 2- o~e 23

f..&.di1 i3i~'4 ~ 5.,..8.3Zfc 6.103- 1.7645, &.12Et6. 5. ?S231 L 6.S3o.4c1.62*

I7
S.20.:.Uc.

I h:-5E- 3.i~-s 6.I7,4 7Zi: #



TABLE 3-. EXPERLMENTAL DATA 0?4 THE ABSORPTION COEFPlCTEY-T OP PGTASSILN CHLORIDE (Wavenumber Dependence) (continued)

v L ci a Ci a 9 1 v a

DiATA SET 3?cJO:J.) JATA ;,T7 35 DATA SET 86O(CONT.I DATA SET 161(CONY. DATA SET 6!(CONT.b
T =373.j

n.56-:4. 2.j3j*5 5&,3q!E+ 7.69iE'5 5.94-4 8.591.E#5 9.8211*2 6.3302-4
n.5'4?z- 423i#5 i.67---4 7.;,786*1 5.9.4E-.. 5.245E'5 5.9-42''( 7.51.62*5 !.33EE*3 2.1%62-3
6. :22: .. i.2v52* ,..' Z ..79E.1 i 5. 1Z2' 3 .5 64 E 5 5.91:2''. E.3:IE'5 1.63j +3 2. 345i-!

o.-':. 2ci,.* ca.?'.2.3:4L+1 5.677a .z.Lqsg.5 5.i 2' .. d5Zo'5
e..o,5. t.o4EeS 1. 3.2t. 61626L'72 E+5 5.3.4-4' 4.01?E*5 LATA SET % d6

6 31' o 4 S .521,-4 :..?.L+; 5.73.5''. 4.7422*6 5.73Z6*4 1. .E*5

6.'7' 32' .StL 5.526Ek. 7.7&2* : 5.!772*4 8.1282': 1.334E#3 4.. 2--_

4.. ) b ci i2.-.72. 5,..5:2. 3.2352': 5.3-23E+. i.6422'1 1.3.32E3 .I Z,--4

&...4i 53 Z 5..2 .340E1'C S.2.e '. i.237L.1 DA TA SL T S.
I. 5.376E+,. 2.9312*Z 5. o62". 8 .I t5 E .~ T -
n.. 43.? .5 J.TA S03 34 5.323E''4 8.395E-1 S.Z39E#6 ..4982.8

b..,* . IL . * 3... -5 5.21.22". i.2712- 5.2.76c Z02.76t:.1 !.;3i2'3 4.21%>..
j..2 .. 7, 'ci cic~v4 .%.'S 6..2:'' :.6S-~ .~4 1.6:. .'3iJ 2. 96;2-.

9..'. A.2.c' .5.,322'64 1.265E- 5.1.3- -4 .62-

5 . y7 , t . .15' 3 - 54772.'.. 6.;.42 -aZ 5.(77E*4 Z.,59E-i DATA SET %a
*.-' ' . .;.,'' L..27L'6 5.(2. 5.:53E-Z 5..25E#.. 19-E-1 T = Z23.2

5.o4 .~ 6.363E+5 DATA SET 41 6.9.3E"4 5.6-LE-2 9.'.342'2 1.5(22-'.4

-. 1:.3-.c2:' 4.532''4 . .6,C. t2 1.35 51E 4.4C64...-
'., -. *. -4..'.:. sl3ot.'s 6.5i I .. .c-E2'5 4Z- ..432 Z 3.5.1.4E-2 t.g4ao.3 3-.93t-4.

c7, *.. t +2z. .5 6 . 1'. 3 .,'7 .;....j -534E4 3.S87,eE-2
* ).i. i.fl .8756*64 v. 725' 3 .9312'3

5. W6 . l'.S , 435;-# . .2'.U" i 6. 612-.6 3.951c'5 JATA SiT 42

ci6' t .. 4- - ,77.t .a2'.33:. 94'34E2 8.0-E--5

3.4c729; -5 6,3Z71E' .. 6952'5 2)ATA SET 43
7.0 4 ! 1Cit-. k .2, .a41E f5 6. ZS'. 5.974E-5 T s ..

3?"S.od2c'S n. :7'4 6.982E'S
o.iJ.:' 4 i . ' .2o 6.524E4 7.9z62_45 9.3i. 2 8. 33;E-4

?'4....26 6.2:92.4 8.6692' 9.i5262'2 1.5,2-4
-)5.j75:', 6..S.E*'. 9.289505 9.7292'2z 8.02C2-A

k.f
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Data
Set No. Symbol V, cm

-
1 Ref

01 M 9.434E+2 [781

2 0 9.434E+2 [78]
a3 9.434E+2 [117]

4 + 9.434E+2 [117]
5 X 9.434E+2 [117]

6 0 9.434E+2 [117]

7 + 9.434E+2 [100]

10 2 
to

Temperature, K

Figure 24. Absorption Coefficient of Potassium Chloride (Temperature Dependence)



TABLE 35. SUXtARY Or ON'SSURLba rS O,; Till: AiSORiPTION C0II'PICIEI'T OF POTASSIU:M CHLORIDE (T.up.rature Depiodence)

Sata No.'~ a n br Tempe rature Specifications and le-sarksSet . uthor(s) Year Used cm Range, K.Noo.m

1 78 larrington, J.A. and 1973 C 943.4 297-1000 Single crystal; obtained fron the ilarshaw Cle.ical Co.; speci.en with
flass N. su:-faccs m-h.-nically and then hcmically polished; abrorption coef-

ficients measured by caloriretric method using a C02 laser source;
data extracted from a figure.

2 78 llarrington, J.A. and 1973 C 943.4 299-944 Similar to above except for crystal obtained from lfu.hes Research

lass, M. La)boratortes.

117 lloycr. L.L., 1974 C 943.4 312-920 Crystal; obtained from the iiarshaw Chemical Co,; absorption cecffi-

Harrington. J.A., cieats tmeasured by calorimetric &Lthod with a laser source; data ex-
ilass. M.. and tract 'd from a figure.
Rosenstock, H.B.

4 117 Boyer, L.L., ct al. 1974 C 943.4 312-960 Similar to above except for crystal obtain-n fron the Hughes Ci.

:17 Ly,.r, L..., eL al. 1974 C 943.4 3?7-796 S; ":.r to aMove c:svvt fo- crv."ls ,r.n b: t' , - .r,- .. .
under conditions designcd to minimize tl., itroaction of -

containing it,.purities which can give rise to absorption 4.,sd. in L4,

nid-infrared re,' n.

6 117 Loyer, L.L., or al. 1974 C 943.4 337.3 Sinilor to ilove except for -rxstols groan in a ZC. re.-tivce a-o -
phre; it w~.s obscrvd tha; the crysral 4 ro'n in t'is w.j. .a5 thec
leist absorption aiong the crystals fron various saurces.

7 100 Ruswe J.X. .od 1976 C 943.4 100-300 Sio.le crystals; grown by the reactove-oalsasb ic-pro,'ess; o:.,,n.,
Iarrington, J.A. froe the N.aval Research Laboratory; rod specimvn- of 2.5 m diameter

,ond of various lengths; che sically 1.ised surf.ce; bulk ..hi-opt on
dstrrmined; data extracted from a figure; data at Yow tc'. cratura

carried large uncertainty of t1002; uoeartaiity dimitiislhcd toward

higher temperatures.

_ .. I,..



TABLE 36. E-XPERINIENTAL DATA ON THE ASQEYTICN COEFEEC:;ST OF' POTASSYLM CHLORDEw G empcratcre Dependence)

iWaveniumber. v.cm-; Ternpet..tre. K; Absorption Coefficient. 'v c-.

T T

ATA i;T i JmT4 SET4(Y N.

773.1 1.6%E-3

393.l .3 3 . 3 j9., 7 Z5.(-
3

7,- E.3 45..3.f4L4 -

6413.6 .'e3 337.3 3.4'.E-
31.6.2 3. J6ojca 33.2' l 69- .

* 4.1l;.C3 4 . % . o... Et-

:AT. Sc 6K7 3. -

3715 DjZ- AYA SiTt o
416-.5 .12ji3 v ± 9..3,.2
523.8 i6.-

bib.; 2.433K-I 331.3 ;9.4

A...'. ..3l-3 3- .E.2

DIft. Szt 3

%;2.6 !.blr.3 ...

0,3.9 S.?d.-3 4.3.6. S.di.t-5

31.14 3~

31.2.6 .. &la -s

E'-3



1 .0 -T - T . ...pT - -1r--1- l r I y - - I I l I I I T

Data
0.6 Set No. Symbol T,K Ref.

1 M 293 [122]
2 0 293 [1011

3 A 293 [102]
4 + 293 [123]
5 X 300 [110]

0.6 6 0 55 (1101

7 + 298 [126]
8 10 [114]
9 Z 78 [114]
10 Y 295 [114]

0.4

0.2

0.0 L iL__LLJ. I I I

IO-2 i0
-1  100 101 10

Wavelength, Pm

Figure 25. Reflectivity of Potassium Chloride

'



AJLE 37. S;IARY OF MEASUR- 1IETS ON THE REFLECTIVITY OF POTASSILt CHLORMDE

Data Re(. Method Wavelcngth TeTperature,
Set Rea. N\uthor(s) Year Ue ae ImKSpecifications and RerfksSe Z. Cscd Ravage, rn K

1 122 Aacinori. M., 1973 R 0.362-0.094 293 Single crystal; obtained fro- C.,- r..raw -,ical Co.; cir;a

B azarotti, A., and cleaved in air just before being -ounted in the -ae r.ar to be

Piaecntinl, M. vacuuM puMped* Teflction sICeLrut taied with a ohro-tor of
hand width cf 1.5 h; .,asurceo..t performed on the same specimen after

24 hrs did not show significant changes anJ reproduced with uncer-

tainty of about 5%; data extracted from a figure.

2 0 Caeroy, H. 1930 R 42.6-70.4 293 Synthetic crystal; plate specien; polished surf.co; vanr.al apeztral
ref Iectvity obtained wich silver mirror as refecnce; data extracted
(ton a figure; temperature not given, 293 A ass-ied.

1 102 Cartwright. C.A. and a934 126.0-231.0 293 3Ilk KCI; surface conditions unspectfied; near normal reflectivity

Czerny. M. obtained; linearly averaged values of tabulated data were extracted.

4 12, 6lechshnidt, D., 1969 : 0.035-0.089 Z93 Single crystals provided by Karl Korth, Miel, Ccrny; freshly

KlIl ker. R.. and cleaved specimen; near nort.Al reflectivity rvtsured in vuu= for

Skibowski, M. polarixed light with normal of the specim .n lying on both sde, of
the incident beam for increased accuracy; data extracted from a

figure.

5 110 Paldini. G. and 1968 P 0.122-0.179 300 Single crystals; specimen with cleaved surface; back burfa- of roe

Zosacchi, S. specimen treated with an emery cloth to rcJuce the reflyetion fros
the back; near normal reflectlvIty obtained with specimen in vacuum;

data extracted frOm a figure.

6 Ito hldini. C. and 1968 R 0.120-0.170 5S Same as above except at low temperature.

Sosacchi. B.

7 126 Phi11pp, H.R. and 1963 R 0.055-0.653 298 Single crystal; neat .rmal reflection spectrum mCaaurcd; data

Chrenreich. 'A. egtracted fron a curve.

8 114 lomiki, T. 1967 R 0.147-0.171 I0 Single crystal; grown by the Yyropoulos technique; specimen cleaved
from the grown ingots; near normal reflectivity measured; data ex-

tracted from a figure.

9 116 Tomiki. T. 1967 t 0.147-0.173 78 Same as Above.

10 114 Tomiki, T. 1967 R 0.106-0.148 295 S~ame as above.

11 123 Jonson, . Ur4 1969 R 17.2-229.2 300 Single crystal; well polished single surface; reflectivity measured

Dell, E. by asymraetric Touree-transform spectroscopy; duta -traated from a
figure.

!

I '



TABLE 36. EXiEK1AENT&L DATA ON THF REFL.ECTIVITY OF POTASSIUM CHLORIDE

(aJveenth. A. w; 'Temperatu~re, T, K; Rflec.tivity, 01I

JAYA SETL JAYA SET i (OI'T. DATA S4.T Z COT.) DATA SET 3 DATA SET 4CCO'4T.) .).TA SET CA.
I 2 . T - 20.1,

;.C. 4 31 j,5 -49 47.2 ^.-Iii 126.A SET'. 4.SZ .51 4.125 0.46,9

6 9b~ ..- 35- .- b46 A.61,5 52.9 s.'.3 17 L 1154 tQ59 0. 53s!Z &.3 4.2.6w

C0. 3 q~ ,. s.. -1 79 5 .;.1:33 ib.3 .11 11.6 L1i5 4..., .

... Ss . .,1 ... e, -i 1 "U1s.. ,4 4.161 13. 4.1.61c Z -Z-553s &.
32 
si .*

1.273 .333 ~ . -42,314 9.6 .2 .3 u.,. S.9 t.171 L.07 493 .3 0 -

"5 4. L 4T S k7 Z S.6 . 72 .15C3i. L....35 E 2 .53r J. 1IS 0.22.i
;.? 5.? 9. .. 355 i..5 29.352 5.23?. 1.6. .. 71 .18

I6.7 4
5

3 iifl 51.? 39 0331 2.4353b 0.121~ a 5 S e 4.4-34 0.a 2&413

0-61 w. ) ,s . L, 15 S2.9 L.1 . ... 7 . G9 Z 041 59c, 0..3 S:? 41i

... ?6 .. 3 1 ,. .. S T i . J.i., .. V4. .5.5 Lol -L( C.. i...1.4 ,3 %i Z
t. 7o t .3.8 54-2 3 ..9.. 3.. ;, -1-S.3 -S'

it. L z- 7i23 5... .. 3A 7 4. 9. 3 j..047d 2..i3 (1,2 a6.07344

!i-j :;.4 7 : b .a rzsj O ai 4 1664-0 35 C .,z -. -

1,3 i . . 35 5L 7



16UI2. £-XI : 'z%?AL D.AA ON .4- ,MFCTIVI~TY OF ITASSfl)M C~l7. oRtiv .-'

DATA SET 0(yT .04 SET t , .1 T SE.T 5 OmTA SET 8 IC 1NT. DATA SET 9(CliT.) tOATA SET.V G(CQN1.I
'-o

141 5 73 273 L".7~J~2 QT E S 6 C. ,* *
1. c .11 4 3.1472 E.634 ti .7 ,.26 %. '.*~3. .3

2-1 ai . 3 4.. 13 J.4 ,..29 4 2.7. aElCS?4.;.62 .. 23. .. 143. .cvI.

So C149 ,,q . Z 8 72,. 4.13. 4,i3.24. .2ai . 41 e. Z.

a.;TA. S.5ET 7w
5  

2..T. SET 014 SE L .i43z ~ .31i2
..11, ,..*? . & 4..151 .o6 ... .2.5 7 .. 6 c9. 4 s .3. 3

C.4 ;.2.. .;,52 .3 9 0.Lk5 0, 1 ? . 137 u 4i.2
.5. Z.12 1.537 Z. 0-47 5g. 1.58 ,..Z 131 Z.13

5 .. 50 3 .!2 .2.47 ce7~ ? L..J' .2. 00
*.~~~ .. 3 .. .. -538 3258 ~ .5 .. 5 .1' J.148c .1C. O.Zi:

..... 2 2...'. 4 .2_7;8 J..5 .9 0 .03b4 -133.7 6... e*4lt

$ w..2 ... ,61 4.15174 f.15 ..i c.6 0 .3. 6.112 9.12;. 1.26 ~ 3.

* ~ ~ z.i7 .. ;.., 1.3..55 a . 5; I .L55 2.3c, 4-35
2

L u..S . .. ,90

.. ? Z/6 05,3L.5 AT E u- b ;L0



TABLE 38. EXPERIME-NTAL DATA ON 7HE &EP..ECTIVIZY OF POTASSIUM CHLORIDE (continued)

OLTA SL I L;UONT.) C.12' SET IILCCNT.)

-l-,, 4 .'

56 in 4. _
'-.3 G.1
-. 3

47. C* 3-

- 5 Li e.1.1? 3

C -- ;. jj4 5..i, z
6 a SL,2 23 c.

3ec i.. 7 Z ;

t.1.3 .?

-3?

34 A SET I o-..3 4 .6?7-o

;7.2 ... ;

2; 7 .j.X 7

37.i -.. u 36.2 -.. 135

6N. 5 6.0 ...,...?

4;. 24j.

.137

7U

O..U)



1.0 . . . T -- rT -r-- - -

0.8

0.6

0

Da ta

0. - Set No. Symbol TK Ref.

I M 298 [1241
2 0 298 [851

3 A 298 [118]
4 + 298 [118]

02 ' I

101 10 0 10 1

Wavelength, im

Figure 26. Transmission of Potassium Chloride
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TABLE 39. S.>OARY OF N ASUREMENTS ON THE TRANSMISSION OF POTASSIM4 CIORIDE

Dta We Author(s) Year Xrhod Wavelength Temperature,
Set No. Used Rear Specifications and RemrksNO O. Used Range, yw K

1 224 Deutsch, T.F. 1974 T 7.69-12.50 298 Single crystal; bar speciionis of 6.4 cm long; transmisslon -easured
with It error; data extr.cted from a figure.

2 5 cCrhy, D.K. 1967 T 0.17-3.0 298 Synthetic crystal; ?lntce specimen of 10.0 = thik u'itl. surf.es
parallel to withil, 0.001 nm/. of length and falt to wichin 10
fringes or better of the mercury green line; measuremets mada on
double-beam instruments with accuracy of ±2,; data extracted froa a
figure; temperature not given. 298 K assumed.

3 118 Deutsch, T.F. 1975 T 2.5-21.0 298 Single crystal; specimen of 6.4 cm thick; 6pectraphotometer osed in
the transmission measurements; a broad absorption b-'d ce n:cred at
9.8 Jim observed, the wings of which clearly extended to 10.6 m;
data extracted from a figure.

4 118 Deutsch, T.F. 1975 T 2.5-21.0 298 Same as above except for a specimen of 2.35 cm thick.

II
1/



KAL .. LX'Att~tLDATA 7%'~S1S:N FTSD C1{LCRIDE

(Wave'engch. A, 7. , cjurT K; Transmission, 3

Z;4 SET i DATA SET 3 DA TA E 3LCssf.i 2513 SET 4'cr&7.)
T ='33J.; T

7-3r .. e. Z. 5 C . Lo .36 0.'.? 6.6 3.9I
5-i± U.92j Z.5 a.56 10. 66 .55. 9.Z. (.87
6-1± ..916 Z.63 .. 65aB 6n J..3 32 .0 t .s'
;.7±1 2.3LQ 2.1. 3.89 :3.72 J..1 16.z; a.ss

)L5 .3 e.o L .59 * 3 ..S 0. . t...9 S.39
.'soA~9 z., ;.63 -,.,19 3 .tI. Z .3 u.93

l J.? .A 1 .56 Z±.e s.Z ~ ,. 1.94
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TABLE 41. PEAK POSITIONS (Xmax) IN pm AND HALF-WID'i"j (W) IN eV FOR THE F, R, M, AND N

ABSORPTION BANDS IN POTASSIUM CHLORIDE*

Interionic F band R, band R2 baid M band N bands
dist., d Temp. X A X

(X) max max max max max

3.14 RT (0.576)± (0.669) (0.725) (0.835)
0.556 0.31 0.680 0.740 0.820 0.12
0.557 0.34 0.822-0.825 0.13
0.560 0.35 0.825
0.562 0.36 0.830
0.563 0.39

NT 0.534 0.19 0.650 0.724 0.800-0.820 0.06-0.07 NI: 0.955
0.538 0.2 0.656 0.725 0.801-0.802 0.09 N2: 1.080
0.539 0.22 0.657 0.727 0.803 NI: 0.966
0.540 0.26 0.658 0.729 0.805 W - 0.08
0.543 0.3 0.659 W-0.08 0.808 N2 : 1.028
0.546 W-0.12 W = 0.09

HT 0.536 0.16 0.798-0.799 0.05-0.06
0.537 0.17
0.539 0.18

• Values were taken from Ref. (691.

Values given in parentheses are calculated from the Ivey relations [70].

F band A - 703 d
1 8
' for NaCI structure, A = 253 d

2
,
5 
for CsCI structure.max ' mx

R1 band A m 816 d'
e

max

R2 band A m 884 d' .8
max

M band X = 1400 d' .56
max

/
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TABLE 42. RECOMMENDED VALUES ON ABSORPTION COEFFICIENT OF
POTASSIUM CHLORIDE IN IR REGION AT 300 K

V, cm-1  A jm Absorption Coefficient, cm-
1

Intrinsic* Observedt (eetd

4.000E+02 25.0 3.3E+0
4.490E-402 22.3 l.2E+0 l.lE+O
4.970E+02 20.1 4.9E-1 4.6E-1
5.OOOE+02 20.0 4.6E-1
5.510E+02 18.1 1.6E-1 1.6E-1
5.992E+02 16.7 6.5E-2 6.2E-2
6.439E+02 15.5 2.7E-2 2.4E-2
6.969E+02 14.3 9.5E-3 8.8E-3
7.502E+402 13.3 3.3E-3 3.2E-3
8.OOOE+02 12.5 1.2E-3 1.3E-3
8.540E+02 11.7 4.3E-4 1.OE-4
9.OOOE+02 11.1 1.7E-4 1.OE-4
9.310E+02 10.7 9.5E-5 1.6E-3
9.434E+02 10.6 7.4E-5 6.OE-5(B), l.2E-4(T)
9.756E-02 10.3 3.9E-3 3.3E-5(B), 1.OE-.4(T)
9.780E+02 10.2 3.7E-5 4.5E-3
9.950E+02 10.1 2.7E-5 5.3E-3
1.028E+03 9.73 l.4E-5 6.5E-3
1.047E+03 9.55 9.7E-6 9.OE-6(B), 9.OE-5(T)
1.079E+03 9.27 5.1E-6 1.8E-5(B), 8.OE-5(T)
1.122E+03 8.91 2.2E-6 2.6E-3
1.174E+03 8.52 7.9E-7 9.8E-4
1.202E+03 8.32 4.6E-7 4.8E-4
1.232E+03 8.12 2.5E-7 1.3E-4
1.245E+03 8.03 1.9E-7 6.OE-5
1.300E+03 7.69 6.6E-8
1.887E+03 5.30 6.4E-13 5.OE-7(B), 4.2E-6(T)
2.632E+03 3.80 2.7E-19 6.5E-6(B), 5.6E-5(T)
3.571E+03 2.80 5.5E-6(B), 5.9E-5(T)

*Intrinsic values were calculated according to Eq. (32) with
uncertainties about ±10%.

t Values in this column are the total abosprtion coefficient which

are either lowest reported or those used to define the constants
in Eq. (32). Uncertainties of these values are about ±10%.
Values lower than 1.OE-3 carry higher uncertainties up to ±30%.
Letters in the parentheses have the following meaning: B -bulk
absorption and T - total absorption.
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3.5. Potassium Bromide, KBr

Potassium bromide has optical characteristics similar to those of rock

salt, but, having a higher molecular weight, it transmits further into the

infrared. Crystals up to 11 kg in size are available from the Harshaw Chemical

Company. Very pure samples have been obtained and they can be cleaved easily.

KBr is of interest to designers of optical instruments because of its trans-

parency in the infrared region. Although KBr is transparent from 0.20 to 42 pm,

the useful region is from 0.3 to 30 pm because strong absorption occurs near

the transparency limits.

Measurements of the refractive index of KBr date back to 1874. For the

transparent region experimental values were obtained mainly by the deviation

method and reported by Spindler and Rodney [130], Stephens et al. [1311,

Forrest (132], Harting [30], and Gundelach [133]. For low ultraviolet and far

infrared wavelengths, there were no measurements until 1967, when Vishnevskii

et al. [134j reported their results for the region from 0.170 to 0.197 um and

Handi et al. [24] reported results for the range of 35 to 770 pm.

Li (331 reduced the then available experimental data on the refractive

index to a common temperature of 293 K and after careful critical evaluation

and analysis adopted a Sellmeier type dispersion equation to calculate refrac-

tive index at 293 K in the transparent wavelength region, 0.20 to 42.0 Pm.

1.39408 + 0.79221 X4 0.01981 X
2  

0.15587 X'
n
2
t1348++ +

A2-(0.146)2 X
2 

(0.173)2 A
2 

(0.187)2

0.17673 X
2  

2.06217 (3+ + (33)

X
2
-(60.61)

2  X2-(87.72) 2

where A is in units of pm.

Investigations of the absorption coefficient for practical applications

are generally classified into three wavelength regions: the ultraviolet and

the far infrared absorption edges and the transparent regions. In the ultra-

violet region, Martienssen [1351 investigated absorption coefficients of KBr

in the range 0.18 to 0.30 vm and at 20 io 1000 K. He found that the expression

-ah(f o-f)/kT
0

i~fT

Imm
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can be used to describe the absorption behavior of KBr crystals. The constants

in the equation were found to be a = 2.4 x 106 cm
-
1
, 
a - 0.79, and hf - 6.76 eV.

o 0

Tomiki et al. [71] studied the absorption of KBr in the wavelength range between

0.170 and 0.240 Wm for the purpose of determining the Urbach-rule parameters

and finding the features characteristic of the intrinsic tail. Through a sys-

tematic observation and analysis they found the empirical relations of the

parameters:

E = 6.840 eV

a = 0.6 x 101" cm
-

'

hf = 10.5 meV

a = 0.774
so

for the expression of absorption coefficient of the intrinsic tail

a - ° exp[-0a(T)(Eo-E)/kT], (34)

where

2kT hf
s(1) = Oso - tanh2--

Measurements of absorption coefficients in the infrared transparent region I
are recent occurrences as the development of high-power I.R. lasers has led

to a need for better characterization of I.R. window materials. Among other

factors, the absorption coefficient plays a decisive role in determining

whether a material is adequate for laser optical components. For this reason,

absorption coefficients of a number of selected materials were investigated

at wavelengths of laser interest. Potassium bromide is among the best laser

window materials and its absorption coefficients at wavelengths 1.06, 2.7, 3.8,

5.3, and 10.6 pm were intensively studied in order to determine the influencing

factors that contribute to the extrinsic absorption. These studies are very

informative and provide clues and means for material preparation and parts

fabrication in order to minimize the extrinsic components in the absorption.

Deutsch [12], using a differential technique with a dual beam spectrometer,

obtained abosrption coefficients for KBr samples in the wavelength range 16.7-

33.3 Jm. It was found that the observed absorption coefficient together with

earlier literature data in the multiphonon absorption region could be repre-

sented by the expression
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L= ao exp(-/v ) (35)

where

a= 6,077 cm
-1 , v = 39.1 cm

- 1

This expression, based on the available data that cover the regions a f 0.002

to 12 cm-1 and v = 250 to 600 cm- 1 , is believed to represent the intrinsic

absorption of KBr. Extrapolations to the wavelengths 10.6 and 5.3 Pm yield

intrinsic absorption coefficients of 2.0 x 10-7 cm-1 and 8 x 10-18 cm- 1, respec-

tively. These values are considerably lower than the corresponding experimental

results [118], of 4.2 x 10-4cm- 1 and 2.1 x 10-cm-1 , respectively.

Hass et al. [119) measured absorption coefficients by calorimetric tech-

niques at 1.06, 2.7, and 3.8 im for a number of KBr samples. The results at

1.06 pm were usually in the 10-Scm-1 region with the lowest reported value at

<3 x 10-6cm -
1 which was very close to the limit of their instrument sensitivity.

However, at wavelengths 2.7 and 3.8 Jim, their best measurements yielded 1.2 x

lO-cm-l and 2.2 x 10-cm- 1 , respectively. From the observed similarities of

a number of other quality crystals, they estimated the absorption coefficient
of KBr at 5.3 Vm should be in the region 10-5 cm-1 or lower. Compared with the

absorption coefficients at these wavelengths, the data imply excess absorption

at 2.7 and 3.8 pm even in the purest available crystals. This has been ob-

served not only in the KBr crystals but also in a number of alkali halide and

alkaline earth fluoride crystals. The origin of such excessive absorption was

not clearly understood. The authors suggested the possibility that this was

associated with the OH and CH impurities. If these were eliminated, the ab-

sorption level at 2.7 and 3.8 pm could be reduced to the level of lO-5 cm- 1 or

lower.

In a later study, Klein [120] investigated the origins of the excessive

extrinsic absorption at 2.7 and 3.8 pm. Correlation with vacuum-ultraviolet

absorption measurements indicated that all of the excess 2.7 Um absorption can

be accounted for by the OH- content of the crystals. At 3.8 pm, the surplus

absorption are most likely contributed by the carbon-oxygen lineages, e.g.,

COF2 , CO
2, RCO, in the specimens. He suggested that diminishing residual

absorption at these wavelengths can be achieved by the substitution of hydrogen

halides for carbon tetrachloride in the purification procedures and treating

the salt below its melting point.

, w , I I I
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Rowe and Harrington [121) and Klein et al. 1136] produced purified KBr

crystals by reactive-halide purification processes with various reagents in an

effort to minimize oxygen-containing impurities which are known to contribute

significantly to extrinsic absorption in the 10.6 pm region. Among the reagents

attempted, carbon tetrachloride processing yielded a KBr crystal that had one

of the lowest bulk absorption coefficients at 10.6 pm. Among the samples

measured, one sample had a bulk absorption coefficient of 7 x 10-6 cm- 1, the

lowest for any solid, at 10.6 pm, that so far has been known; even lower than

that for KCl crystal. Similar to KCI, for all the KBr samples measured, there

exists a persistant absorption band at 9.6 pm. For the purest and best pol-

ished crystal, the absorption coefficient at 9.6 Pm is greater than that at

10.6 pm by a factor of 2 to 3, yet the near-intrinsic behavior requires a

lesser absorption at 9.6 pm. Unless this absorption band were eliminated, or

reduced considerably, through purification and polishing process, the use of

KBr in the 9.0-9.6 pm region would be limited. Since the method used in their

investigation was able to identify the bulk and surface absorptions, an im-

portant finding was that the extrinsic absorption band near 9.6 pm is not due

entirely to surface absorption, but is In fact due to impurity sources present

in the bulk as well as on the surface of the sample.

Figures 27 to 30 are plots of the available data. The pertinent information

of each data source and the corresponding original values are given in Tables

43 to 46. In addition, available information and data on the reflectivity and

transmission are also presented in the same manner (in Figures 31 and 32 and

Tables 47 to 50), for completeness and comparison. For the visible and near

visible regions, Table 51 gives the spectral positions of the well known color

centers. Noticeable absorptions are likely to occur at these centers when the

crystal is exposed to ultraviolet, x-ray, or high energy radiations. However,

these absorption bands may disappear at high temperatures or eliminated by ap-

propriate irradiation, corresponding to the so-called "the thermal and optical

bleaching of color centers."

Recommended values given in Table 52 were calculated from Eq. (35). In

the range between 16.7 to 35 Um, these values are supported by measurements of

Deutsch [12] and Barker [38]. In the laser wavelength region, the predicted

values are lower than the existing data. It is not known if Eq. (35) holds

for this region because the observation of very low absorption is handicapped

U -b --m_ _ -
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by the limit of the best available instrument sensitivity. However, like most

of optical crystals, one expects to observe absorption bands in the range

between 2.6 to 2.8 pm and at 3.8 Pm due to the hydroxyl ions in the crystal

and due to surface contamination. These absorption bands can be eliminated

through improved crystal growing and polishing techniques. Therefore, it should

be noted that the values in the "intrinsic" column are the lower limits that

one can obtain for ideal samples. In practice, the observed values are higher

than the limiting values at low absorption levels. Unless values appear in

the "observed" column, the limiting values are considered as guidelines for

estimation and investigation.

Although it was not the intent of this study to evaluate the absorption

data in the vacuum ultraviolet region, in order to provide the users a total

picture of the available absorption data, the plots of available data in this

region are given in the Appendix to this report.

lI

I

____________________________ ___________ ___________
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B

Data
Set No. Symbol T,K Ref.

1 1 293 [19)
2 0 293 [19]
5 293 [137]

13 + 84 (771
14 x 194 [77]

15 0 300 [77]
16 + 373 [77]
17 X 473 [77]

18 Z 536 [77]
19 Y 298 [126]

0 3
U 10'

0

0i0
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Wavenumber, cm
- I

Figure 28. Absorption Coefficient of Potassium Bromide in the Urbach Tail Region
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102

20-

0

0

Data

0 Set No. Symbol T, K Ref.

4 293 [95]

7 CD 300 [381

8 A 590 [383

9 + 740 [38]

10 x 885 (381
11 4 1035 [38]

12 + 300 (121

3 20 x 300 [128]

22 Z 298 [136]

23 Y 298 (136]

24 x 298 [1361
25 * 298 [136] Intrinsic

34 x 300 (1041

35 I 80 [1041

36 a 298 [1291

-4 I I I I I

200 250 300 350 400 450 S0 550 600 650

Wavenumber, cm- 
1

Figure 29. Absorption Coefficient of Potassium Bromide in the 
Multiphonon Region
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-,Ao !)or - .. a .. ,llvcSp-ificatios -d 3'. -.rks

1 19 Hlbeh, R. and 1931 T 3.98x1&'-4.93w10O 293 11gh purity; bi11410 crystal; Frown frul -Clt; .,bsor;:ion
fhl, R11W. Coefficirs dvtecnincd froot traonsr-ic~aon roc-sur,--rnt; Jota

cixoractwd fron. a filure.

2 9 lsgbc, Rt. and 193 7 32ic1'-4.93x10' ?93 Si-niilar to above excopE for a cc-.:rwia.Cl ml

Pa:,], R.li.

3 122 Antinori, M1., .973 R I.04x10'-1.65x10' 293 Sln lo crye-ta'; obtolond fro,-, the H'ars ,w Cl:noicil Con.;
Salzarotti. A., and spi~ licd in oii joict bifuri, :-ndinL,
Piaccntioi, M. i-e . crta o be--; p-. v ' .!-

ti ~ 0-noc!.r0 icur cw-L.o 1.5. -

p rllon tic -iiii-c l f1Itir 24 '-. lw ,L:

si, nifico, II chiiges and rcprwja.ible nit, an., C;,.t tn

about 5%;.0ihirption iniffiri-nts deiv- by-ntd -
Kr,-1,r.-Krc'nig .lnillv~is an the rcfl, till ,,.IC,. .ii
fr-t 13.5 to '0.5 -V, 1.-o 1.'5 oV the rflctie, Ji'~ of

.1.'aluro Itilinod w;,ii a nBl vch,c...Ad. it .1. '.rc

4 95 Calif.,,., S. and 1958 . 4.19.10"-S.9.,10" 293 Cryot il bloe' sport--n of 15.15 -n 16.S0 c-ii l',-r-

3 137 Bauer, C. 1934 T 5.26x10'-5.-n10' 293 1 ,jiI;t, ;1'. ,;. - : , 03 a .s ' -v 11j -- s; 55..'.,

tt nof 1 Ok Cr-r11.i~ . ..- tin .tcL 1-c

'i-rc..itiiut c ,A c .

6 123 LhciidD. , 1969 R 9. 29x10'-2.42x11) 293 t S r-'vdcel by 'iir Isertl,. Nil, I C n'v fro -ly
rJLkcer, Rl., and i 3~-~; 111 ionn f.r: d vr in d it ti,

Mkbok.S. '.'. -. o>of ii" ie-1
1
eJ n"1 Itt

7 38 lurker, 3.3. 1972 r 2.580 10'-4.33.ltP 3U. S L;.,tL11 I2 L31 III; -6 s - IF, . ,.~y ; :o:,J il t'f

1-: is 0lit. Snoopti ion iotI nis .lid fruit. ri-fli-wtiv
i) d i., -stract, d1 fron a fi'

3 38 1 rlo-in, 3.3. 1972 K 13:..-t2 t"0 -A to ..- 1-.liI 1 t 3 iigiw L. 'l~~tl

I lt iaclc..r, A.3. 19112 K 3.17s l -4.87:,10 740 Si il-r I ore i-e..-; t 4- i i or ..;,.t4re.

13 3S flr.ccr. N.J.. 1972 R 3.25-10 -5.06,101 38 Sia 1.10 to .ibav, ci lt it all,.t.. 1
Clai.

it iS r..rk-r,3A.3. 1972 R 3. iulO:-5. is.io0 1035 Molt, i-i r , ' -.o of 1-2 .ElNr 1mt .i...
oirrivd lIlt -. i .) 1.ic'.ly iiort 

4
i ts.c il .lItlln

00.21 ici-rls .hdaod fretrf,,-ir
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ThlL 43. sL' KY
" 
Of 7AYi1,1SRLUIS ON TlE AiSO.Pfr i COiI1.:,r OF i'OASSIUX BROIIIE (byve.tuniber De.pcnd,,nc.) (cantin-ed)

D.Ita Ref. .Method avcn er ,,.r.iure

Set Authr(s) Year Raaie,r Spcificatio.s ard ,enarks
.o. Used c.- R,'ne K

N o. I______ ____ r

12 12 Oeutsch, T.F. 1973 7 2.99x10&-6.0x×10 300 Silag cryst.l; obtind from (taoac Co.; spxl ,encf 2.54 c.

di;meter and 2.54 c thick; nbo.rption coeificin te det, rt.incd
using a differential techni'ue with a dual-beam spectrophoto-
meter; data extracted from a figure.

13 77 Toiki, T., 1974 R 4.58s10'-5.37x11' 84 Single crystal; obtained iron arshew Chemical Co.; absorption

.f!yta, T.. and coefficients deduced from ref kction -xcasurc:nLS; data eX-

Tuk.Hato I. tractcd from a figure.

14 77 Toiki, . et al. 1974 R 4.83xl10-5.19x
I
0' 194 Sir.ilar to above except at a hirher tenPcperaure.

15 77 Tomiki, T., et al. 1974 R 4.76..10
5
-5.04x10' 300 Similar to above except at a higher tcnperahure.

16 77 Toniki, T., t al. 1974 R 4.69x10'-4.94x10' 373 Similar to above except at a hbdgher LL!speraturc.

17 77 Tc%.iki, T. et al. 1974 R 4.54x10'-4.80x10 473 Sim lar to above except at a hiZer te.perature.

As 77 Tr71.l, T., ot al. 1974 R 4.42xl0'-4.68l0" 536 Similar to above except at a higher tcmperature.

19 126 PIlipp, H.R. and 1963 R 5.32x10-.94x105 298 Single crystal; near normal reflection spectrum obtained; al-

hrc.:retch. II. sorption coefficients deduced by the Kramers-Kronig relaitions;
absorption-coefficient data -xtracted fron a figure.

20 128 Johnson, K. ard 1909 R 20.7-220 300 Single crystal; well polished single surface; reflectivity

Bell, E. and phase simultaneously nasurcd by ayrnietric Fourier

transform spectroscopy and absorpt!on c-eflicient deduced

from the mn.asurerxnts; dataextracted from a figure.

21 42 Owens. J. 1968 T 0.25-3.5 298 Single crystals; obtained from tic 11arshaw Clixtuiral Co.;

cylinder shaped specimen; filled r.,onant cavity iekthad used

for measuring dielectric constant ind loss tangent; absorp-

tion coefficient then determined; data extrncted from a

fig,.ure.

22 136 Klin, P.11., 1976 C 350,400,450 298 iffgh purity crystal; purified with reagent l11r; bar specirens;

D.visen, .14., -ad w;,ter !.rom td followed by polishin
, 
with 111r xolutinn; ne.:surs'J

irriogtcon. J.A. with I.ser calorinetry; data extracted from a tbia,

73 136 Klein, P.H. ct A. 1976 C 350.400,450 298 Similair to above except purified with C.Cr6 
in thu h.lide

pr.... s$.

24 136 Klein, 1.11. et al. 1976 C 350,400,450 298 Similar to above except purified with C, Er in the halide

-a 136 Sled:, P. 1. t al. 1976 C 350,400,450 298 Sirilar to above except purified with rget Cli, in toe

halide process.

26 136 Klein, P.. et Al . 1976 C 943,9434 298 Similar to above except purified with reapent lBr Jo tbe

Intli .e process a:i: concentratIon of I droxyl io: 0.005 per

si I in:. ion (ppm A) .

1!:1



TABLE 43. SLI2IARY OF MEASURIFIENTS ON THE ABSORPTION COEFFICIENT OF POTASSI.M) BROMIDE (Wavenumber Dependence) (continued)

Re uhr) Ya ~ hod Wavcnumnber Temperacure

Xtt .e Aus.rr)rc Rane, Specifications and Remarks
Set -r 9er sed, Range. K
No. cm-

27 136 Klein, P.M., 1976 C 943,9434 298 Similar to above except purified with reagent C2 Brj la the

Davison, J.W., and halide process and concentration of hydroxyl ion 0.07 prz A.

Hfarringron, J.A.

28 136 Klein, P.H. et al. 1976 C 943,2632,3704,9434 297 Similar to above except purified with reagent CCI% in the
halide process and concentration of hydroxyl ion 0.05 ppm A.

29 136 Klein, P.M. et al. 1976 C 943,2632,3704,9434 298 Similar to above except concentration of hydroxyl ion

<0.01 ppm A.

30 136 Klein, P.H. et al. 1976 C 926-1046 298 Above specimen; total absorption coefficients measured.

31 136 Klein, P.H. et al. 1976 C 926-1046 298 Above specimen; bulk absorption deduced from total aLsorpt-o.

32 136 Klein, P.H. et al. 1976 C 926-1046 298 Similar to above specimen except concentration of h..droxyl

ion 0.05 pm A and total abscrptioa mra.ured.

33 119 liass, M., Harrington, 1976 C 9434,3571,2632 298 Single crystal; highly purified and pclished rod -,secimens;

J.A., Cregory, D.A.. measured with laser calorimetric method; data extracted

and Davison, J.W. from a table; origins of higher absorption at 2.7 tn -nd

3.5 ,m due to impurities in bulk material and surfce con-
tam~nat lea.

34 134 lartington, J.A., 1976 C 272-576 300 Single crystal; obtained from the larshaw Clenmical Ca.;

DP-hler. C.J., Patten, experimental details not given; data extracted from a figure.

F.W., and Hass, M.

35 104 Harrington. J.A. et al. 1976 C 285-498 s0 ";ame as above.

36 129 .,catze-l, A. 1934 T 192-625 298 Single crystals; thin film zeud plate specinens ef t.ickness

from 43 Vm to 13 "am; absorption coefficients determined from

transnissicn mcasurcoents; data extracted froa a table.

37 23 Cnzel, I... Happ, H., 1959 T 4.8-28 298 Crystal; plno parallel plate specinens of 2.5, 5.0, 38.5 us

and Weber, R. thick; absorption coefficient dcteriined b!.scd on :-r.;m"san
measurc..:rts; data ex, acted from a figure.

39 99 Rs- tock, 1.B., 1976 C 943.4,3703 298 Single crystals; obtained from the Naval -scarch Lb., t:e

Cregory, D.A., and Harhw Chemical Co., and the Raytheon Corp.; r-ch:inically

liarrington, J.A. polished and chomically clcazod with s;,-trogrode CCIl; laser

c luri:.etric method used; data extracted from a tablc; it "=as
found that the surface absorption ens about 45 tires hig.er

than the bulk absorption.

39 121 Roee, J.M. and 1976 C 926-1044 300 Single crystals; grouns by the reactivQ-a-aapiere-p'rocess;

liarln.ton, J.A. carefully polished sarfaces; total ab ..rpcLon deccrr "ned a :h

laser calorimetric method; higher absorption occurred near

9.6 . m due to extrinsic contributions; data extracted fr ;a a

figure.

I,



TABLE 43. SIM.ARY OF MF.SU;IO-KNTS UN "IE ABSORPTION COEFFICIENI OF FTASSIUM BROMIDE (Oaveou;,ber Depeetc) (-outlnjcd)

Methvd Tempern t ure

' J: AL. Th r (s) Y,-ar Met...d12o. U7ed * Ra:tg,, K

40 121 qotoe, J.M. and 1976 C 926-1044 303 $aie as above - , t the tutk dbuurpzion obtained.
Harrlngton, J.A.

41 121 Rowe. J.4. and 1976 C 926-1044 300 SimIlar to above except for purer samples and bulk absorption

Harrington, 3.A. obtained.

"N

/



TABL.E 44. flflRIMEN-tA1. DATA ON THEt ABSORPTION COEFFICIENT 0F POTASSIU'M BROMIDE (Wavenumber Dependence)

Waveauober, v, cm; Tecperature, 1, K; Absorption Coefficient, a, cm-'

v3 11 Vk V '3 0 Q 0V a

DATA SET I DATA SE.? 3(CGNT.I DATA S~T 3(CCNI.) DATA SET 6(CDNT.) D3ATA SLYT ICT1 DATA SET s

.. 4.5554S :.:*5.E#5 4.:2uE6S 2.293E65 8.ATAEtS 9.9194*. 5.%4j*6
*.2i. !.74E. j..013c S '3.29.,L*5 2.1..EV54:'5Z..E.5 q..,3E65 9.t6.ce4 ').587SE*5 k. t7..i' 2 ±

Z.i' b .. t'-2 4. b. * i 9 . 14Ci*5 1j. 3$3E -5 . . 4 5,E:*S 2. 2.8s 5 d. 9SL*5 9.2Z94iE4 1.%0IE #c ,.o7flcZ Z.14 iL.t
09-c Z.in;E- 1.6j1E*5 9.u's'E*5 I. :2i5 4.870E4,5 2.223E+5 8.4b745 .?C.S 4.A6.v E-

4. 3o d: *. 3 .5 r-1 I lgltcs 9.3434 5 I..x i5 5.ZAE'5 2.138E*5 8. 039Eb5 DATA SE-T V 4.Zotoc. I.4J4;c
,.o ,..o.-E-1 2..53c4 8.73.E.5 1..4,?E-5 5.314E*5 2..AE#5 1.d59E+5 T - 3 n h21.?C'
.. 3 . .. 3A-i t.563h's 8.9445 1.494 -!i 5.5±JE'5 2.;43E.A 7. 976E*5 43ilt*d i.1.JE*

-673E. Z.2 -: .;7 1:5 7 .25,L -5 1.u5
5 4

.
5 

5~ e IQE5 2 .144E&5 B. 3310.5 4 . !8a ;-2 11. Mi -1 3 . ??j 4. :9.mfd
6.$&s ,.. .67;-'.i 6 . 4,E. i.2 7 b,: 6,44 2 ., 34.5 d6.4E*5 4.l;Jvt*2 Z.44iE-. £.mij,: . LE*43

.... ,~ o...a-.. ,&o,45 bE9~c'i .v&*S6.56,4E+5 2...4* 5 8.6&E'5 3. 1744-2 3. 52- L 3.cc.n.*
'3-.+. 5 ... i5.;.2#i iS Ii'5 L.:5L1S.±..594*6: 7. L bi+5 195.4+5 8.3 9s3.*5 3.714 *2 5. 1.4 S.4.' .ni3

j.'15 .: + -.eJE-Z ;.3j -5 6. 32jE t5 .046E *5 6.4234.5 1. 92 EE45 S. I31c. 5 3. 5
7

Q -'-Z 6. 5*t-:- J.4 .4 5 .c4.,#
I. 5-9z 5 6.6754*5 I1. 8 95 45 7.7924.5 3. 28 94#2- :. 35 34*C+ 3-.8.-2 t.so..i*

DATA SET 2 1.~L5?..,44.5 DATA SET 4 1..83SE*5 7.599E#5 J.l13v:* 2.0
7

Zz*. 3.472E*2 d.5,gc *O
T 233.; 1.4r d,*S ?.A9,.c5 I = 293.: 1.778E*5 7.626L+5 3.flQE'2 2.45CEO

* P* .41* ..lt*5 8.8.14r+5 z.3IOE'2 3. 13.4 34C ' 3*.7 1.4lI
.. i i*. . .*, - .. cS .,.,-5 5.1)2. E +2 3 . t2zE - 1. 17' 4 7 .+6 2.8%- T7~ 3. 954* 7

.. 924 .7 49 --*+5 7 .137 V 5 5. 5,34'2 6. 43E3 1.L Cc.- 'S 4.:1:7&E6 2 .76.4*2 S.2 
5
4cs

'.i7e 4z 3 1-20't 7 .0.'44*# 5. njL i*02 2.!SZE-2 1., jS* 7. ,2b4c+5 2.580E*2 9.97vi *4 '.. 8?.- *4 c.h.*-
-5.4 27. Er. 1 .415E+5 7 .3.44E.5 4.7 784'l Z..5L94-Z 1. 638E*5 6. 936;75 ,.62 '..3.42

.944,.22 t- .. z.39iL+5 b...T,--. 4.5s84#2 t..66E-Z .1.4E45 7. 
4

s. DATA SIT 8 t.l4 ... i1
4.7143*.. 1.1 451-5e o.L .3 4. 3731 2 ;. ?!E-1 i. 5334*5 8. 6be*5 T = 53-.a .. 47,Q* SS.;is

.. 73 -L.. *.. . 77,.5o.1'54..5*2 l..294-1. 1.57i4*5 7,. i4.5 4. . .. r'c
4 .473... . 3l t..s 1.S.EtS2 6.9.4*~i5 *.61-0t,2 1.lC.c-! .. sc' 25..:4

i 5. 3-c-15..35,.-5 5.5' oAT; SET 5 ±.S..n.S &.5i4 .is 4..7..i*2' Z-b..L-. 3.47.E*2 42~
7.5 .5; - E....Il. 1. 57..+5 5.5.tfcs 7 - 293.4 . b.. e354*S 4.2724E*2 47vt 3.?77..*2 4.?-..:*

4.04* J,4 04 5 5-.44,4* 1..39t:.5 7.5t5 5 fl8L*Z l + .941 3.o3Z4' 3.4iZE-0
5.4.54 .,E-'. 1. 327E*5 5.54-L*5 S. 3624*4 6.46

0
-=+5 l..3ES 7. 368E*5 3. 5144.2 1.212* 4.4,4* -.. 37,;E*tJ

.32 94E 4..... 1 L. 3;5. s 5.5 S. i Z E4 5 '.- 6 .Is. E + - L.-2434S ?. 620c*5 3.6814*2 1. 3L.z* j. 7.o*2 6. .. 4*
!4,.?+ 5.? .7* .5.Zc* 9.4..JE#S 1. 39cS 7. . i94*S 3.38,,. 2 2.Se.* 3.ad5 Lc c. b7.El4

0474 .713293--65 o.,S: *i 5.07:4*. S.92A0s 1.2 5 E.3164.5 S..I6. Z2.t.* 3.4 3..: ...
7 23. £415 .24 i .244 . Ia# 7,34* .3$2E. 5 5.is52*5 3.3544.2Z 3.T3E.,

1 54L-5 5 .37.S L+ .277c 5 5. 4,6te5 3.26Ui*:2 4.64*, DTA iL IL
1.2'.9C*5 o52c,, ..2.JL*, ,.J7 t's DATA SET 6 £.Z54E'S 4.942E&5 3. 1s0.2 6.09;L#. T - .3.

.. 0,3' 0.C*5 .. 2244*5 4. ?,,.E.-5 1 * 293.3 i.43n.E'5 .. 26SEsS 3.3804E*2 7.6!QE *4
-. ,z3* 6o...~5 .4.'S4..AJL *5 1.Z304.5 3. 7454.5 2.984i*Z 9.32c E~ ... c* .2

'4';5 g,7,C.5 1 :145 *.2:. Z. 41145 6.287t:#5 1. 4.7*+5 3.3S134.5 .7.rL3.4. E-1
0.... L, 1..6354*5 .. iJt*5 L. 34BE-5 7.139E#5 1..1214*5 4. 762-4,5 4. 77-34 4.5424-

1 .6.lc'4.5 l.*.,.-* .5 .14tts .z3*( 2. 3I4Ei5 7.SoYE*5 I. .3254*5 7.3X64*5 .. d.dle2



1A 4;. EX?F;IMDI.;TAL DATA 0% tiE ASSORP;,ON' coBYicIn\r OF POTASSIUM BROMIDE (Wavenutoer Dep. odeiace) (continued)

- a v C, v a,1 a v a v a

-,T iSTlt 00W?.) DATA SET ;3(ZUUT.I DATA SET 144C0N7.) DATA Sj.? SUCONT.) DATA S!1 tt03'1. 3ATh at 1.9
T 3296.c

- 2 '.* .15sEc* Z .;.53c#3 '.abE.'. 2.5.-1 4.Sb4c .t;.3&E'.C 6.tLt, 6.SE 1641 ~9mn. s 8. Z.~
,i.. 5.3i.. -.;siG '831.2I7E-1 4.902c 4 . 9.,ii;*. 4 .'.* 5.32U"i-I 3?' 9.c''.E*3

4 5. :.ua.4 i..53E +34.SA9na, 3.66a.L'C 4.632cit + 3.637:.-;. iiL' 9.2...E05
:p i.. ?SE '. :..:j- QATA SET 15 4.SAzt, .c.4c44 4 .tU11+4 3.63741t 1 ;..?S-:5i a..:*5
i.?.' .S.L a. La4 b .326ac - 31-.L 4.86.04~ 2.-1r4- 4.,3.Cc.'4 3.t36&.-! L.l72*- 9...ZE#5

.. 5. 6.i63.L4 b65...Zo.>-4 e3.to;StL- 5.,4E#417E 4.ASOE*%* ±.&Z....E'oJ a..9-WE 2.% UE-1 1.657.+s 1..tA.EA

.,. 7.,i 2i 5.114. .os2T ' 2. 3lL-t 5. , 3E*t4 1.?a %.3 7 &IA,3E*% 9.Zri 6E41 '..661'4+4 2.%Z8WE - 1.obi c #5 z.150E'*6

-5-Z.t.i:Sc .25t.'. 9.4c.Zit 1.0i1C E + 4 6.752,l1 DATA Sit 18 -e.JL
4

+ r..

3131; $rT 1- 1 5-l.Ua. 5.-3?AE'C 4.?AoE4. 5.SluEi I - 531D.4 t. Si' .d..Lfs

r za 3.j.. '..362.*'4 !.776l1- 5..,.2E#4 4..ST4E.D 4.TSBE*% 4.43t.-1 t7oi~ .8.aGci
4.99ZE., 3.LC5249 4.77?6E" -.. 66E-1 a..6?ZE*.155. 1.fti2c*5 7.6a.EE*5

5594 1neJ AASET tI- 4.4760.4 2.3s2'2 '4,T66f4'. 3.9Z6E1, 4. Goct . 1.2Z47z~ 1-.64i.05 9.6J'.i#5

- .... E-3 T705# 19. -. E .8 ~TIE*C '.S.. 7i* . 1.JE-1 4.639E * 1. 1 riZ. L.c ..t 'b..:Lt 5

i. ;.hi;04 3.?clE'OQ 4.9..SE". 8.318E-1 DATA SET 1T 4.6!10,4 3.8LZi*. I.ei65 b. 4-.ttS

)4T7. ;ET 13 ,..:55 *4 c.&?:'G5 4.591E-4 6.954E2 T - ft?3.6 *.646tt4 3.5
3 2

-+( 1.Z826'S 6. 4.2#5

I A 6.. S.1-.1;*:4 Z.b?9Ei a.d?9ZE'. 6.95;E-1 t*5S99z:*% 3.3734t. 1.iE t:*, ?. 2., i 15

5.Z,* .261 3a~' .Zhi4O 'a. 8i6-E 4 4..8 3E-% * 4.ATL4 . .Z'.Tt' .l.565:'0a Z.6tha. e. ..tL* 4. d..,4'5

5. 1ce* , . a.ZIh.. . '..44 L. SAE4 4.IS3ZE*' 3.4a36E-1 %.mit'4 q.itZE.3 4.56U+4. 1.90."L. 1 *U-L 2,z.o

5.3.11%, 5..A~h ). 14 .. 9:04 4.8232+4 3.4.36E-1 ',7?ZEA 7.379k.6 4.556j*4 1.%4SL4LC O.4' .AeGc'S

r z~a.c..iE' 546nict I.eD7Et .3?. 2.4689E-1 4.756E'4 5.a95L.Q 1-53lc404 L.34G8c.. 9%L4 1.34,Z#6

5-51i #I-~E4 in2 ' .445E*J 4.736E*4 2.t152-1 4.?.dt" a..g2iL'O '..S2Z*4 9.3161-1 G...' .4d.4S

S. 27i' ? .1o.E' 5.O2ot*4 1.3Ai4 .. 763E'a. Z.366E-1I 7a..?.14' 3. -8lE+CO '.351i +.a..36A0Z S.. 6i*. b. bettS

5.4?$ .~.' 5.L 17c.*t. 1. .47OE'3 ..TitEE#. 3.236E#6 4.95i, 1- 5.cA75E- 7.42.1.. 5b.4.z,i4

5..i' .9~. 5.3,j.E*,# 8.83.-1 DATA SET 16 4. 7,;9i'4 3.w34k.0 b.485E*4 4 .984E-. 7. i54 -. I t#S

4.S.* .~* '.961i#4 8..S4c-l I - 313.0 4.719E0b Z.3016*U 'a.4b324'. 3.6982E-1 l..9?E.. 7.7006*5

;Z.*.1.63(2*& ,.377c~I 73.1- 4.705E'4 1.837E*G 4.'442'4 3. 9 OE- 6.iJst. I..1302E.6
1.2.. ;.JEi+; 4.51 c. 6. 5.272E-1 4.939E+4. i.Sta.EO1 %.6.+4 J...S9E.o 42 3E".0 £.281e-x 4..t.'1 a.ia4 .e+S

z.ia$ .unxE'4 .. 9Z1E+. 3.84iC-1 4.9322.4 1.228241 '.685E44 1.146242. .. 53Z2"a 5.140EO5

.dt'.2.4c~i+ 9.a..0 4 2.8571-i 4.,3279-+4 9.683E.2 4.674aE44a 9.850-1 6.41A4)f S.
9

4s2&S

ftt



TABLE 44, EXPERIMENTAL DATA ON THE ABSORPTION COEFFICIENT OF POTASSIUM4 BROMIDE (Wavenumber Dependence) (contxnue)

v cl a Ut v C a v aL v

CATA SET LJ(CONT.l DATA SET 2LCCCt4T.I DATA SET 2% DATA SET 3U DATA SET 33 JAI1 ASET 35
T a291.6 t 296... T - 29d..; T = 6.

5.9dj* 62.j*5 L.1'IL*2 4.355L*2
S.T.bt. ~i~~A5 .. 43i2 .594j*4J %.5 Lc42 1.121 1.42 .8AE-4 

9
.4S'L+S 3.0122 Ao 2. 5i.t.: 1.3...c'

i.6.,.*. 3..,. 4..6. x~.5. .... Lt+2 2. 8.A~i, . 1. .35E.4 1.2L.-4 3. ?3'c + 3 1. 24 0i 2'..c*&2 6.93.E-1
;.53651#4 3.1UjE,5 1..4,t*2 6.181E-1 3.5302.2 ?..OjE-1 1.135E-3 1.s-.CE-. 2.632E.*3 2.242c '. 2.4Le 8.73;'E1
i.631#4 d.i)L.2*5 a.96aLt L.5SiE-l 9.53.E-2 6.B7425- .z2 .56.zn1
5.323i-*4 1.6426*5 B.l?;c*1 1.4...E-1 DATA SLT 25 9.7,;9i#2 6.ouEwiS DATA SET 3, 3.11..*Z .1s.E.1,

i.5..2Ef1j.4i62-1 T =295.C 9.52,2'2 6. 74%.E-5 7 = 3,u.4 ....*e 4.00.E-1.
DATA &T Z,8..~L~e:- 9.52.E+2 6.±61u2-5 ~e 9 ~

Z.:.i7i*Z :..-32-2 Z o* 117- 3.54;.Et2 8.6GGOF- 9.259E+2 5.o6%nE-5 2.924cA2 3.u13 *t .aE2 .o
1

e:.92e .?22 .Sn1 .33- 3.31a2~ 2.?2u6e. +khe2.v.
2.1 !3 2.t. 5.13LE~1 9.66!L-2 DATA SET 2t DATA SET 31 3.±1i~z 2.591-C 3.'25..21
2..UV*2Z c.6.92 4352. 7.869E-2 T -296.0 T - 29;.G 3.1;,04*z2i.i?... 4..i. +2 3.Io.E i
i.;.9-# *c .JS.C2 3.6.4E.E*. 5.848E-2 3.3.,;*2 1.543uo 22n.

5 *2 3.-35-;2 d ic+ .7?62-2 9..3..3 Z.Z,.025 1..cE63 3. 39.,5 1.Sil5t 4c2+*
Tin oL2 9.43.E*1 C. LCZ-4 Z..32:*3 2.7u..E-5 !-4o 1. S 1.i S.uL~ .! -

!-- izz JATA SET 21 3.422 2.2,..2-5 3..7..Eel 9.850 -L 3. ?- . 7

3?nI '2=4. 295.. DATA SET 2? 9.? iE-2 1.5I..2-S 3.l6QL-+i ?..3t-1 3.4* e-2
-. n.*2,.23L- 2 T- 296.2 9.5262*2 2.67G2-5 3.7.02.2 5.290i-1 3.12 .- i.35

4 ..2.7)i-- 3.483Z*0 2. 7!bE-.+ 9.524E#2 2. 62,E2-5 3 .96. E 2 4. Z1ut1I £.SL* 5.j. .46 c-2
8.63.2-!.731- 5..58t-4. 9. .34r+3 3.4032-5 9 .43.E#2 2.1itE-5 S. 460E 2 3.36ot:; 3.9.3..e 1. 'C

1. + e2 1.963-"I 2.ti94e.-L1 .175L-3 9.434.:+2 2.4 CE-4 3.434E*Z 1. S.E- 5 -. 154.*2 Z2.5..i2. *.1. L-
2

c ~~~~~~~~9.43.E+2 1.28CE-5 .13.Z2e~1 ,. .J -
:771 +*2 OAT. SET 22 DATA S-AT 28 3.,3S.f2 6.39..-6 .2'*216J- .zc

I z UjO. u T 298.0 9.239E+2 l.84425- 4.3Snctt !.".6-. .. 13.E~c 6.le.c2Z

j.. C..ott1 4. 6%0.*2 1. W9,0-- ;, -. 4S. #c 4.
6

14"2
Y..e? *c 3.32!%- %.S.,+2 ,.3gwt-Z 9.4362.3 5..102-6 DATA SET 3Si 4g* 9.?C6.2-2 4.16.t#2 8.674i.-3

?i7. .44 .C.,J..*2 2..J" E-1 3. ?e4E#3 .23.E-4 T * 298.0 6.590t'2 7.13u2-2 .eSSL02 3.630E2
.. i-C44?* 3.5-E#.2 7?. 2..L-1 2.63c2*3 1.?1,..26 4. 6632*2o 6.1742-2c .. 2:E.2 E.77hc.2

-4. ,Z E-; 9.43.E*2 6..40-5 .St4 2.2".E-4 4. ?634t2 .1.c .. E*2.3-.-2
.,,..E ± aATA S T as 1-.35c+3 2.29.E-4 4.3j3E.2 3.32 . l* .9*.;t-2

..E Z;- 4633I-:1 7 - 2e.u DATA SET 29 9.B.,2*a .. 36E2-4 ,tL23.13;L-? 4.71.2*2;.s.E-
*.579 '2 ..342L1 7 - 295.%* i.?s9t*

2 
9.2842-5 5.1 22.?9U -c .d.Ete2 l..92-2

i .o3-e2 i.2'2E-1 6.5u42*2 9.ibwE22 3.52,E*Z' 6.6862E-5 5.15.,~ t.52 4944 14.L
.a *e s~ e .I.34*2 7.0s*E-1 9.4362.5 3.,.;E-6 9.43.L*2 .3cZ523. . 1c-4

.15- 23.'-* 3.:WJJi*2 8.8134E1 3. 7442*3 1.211-6 3.4342.2 8. 7042-5 5.460ts2 6.464 . -3 .JATA SLT 3'
.. *24.6 8 .. , :.632E.3 2.242- 9.25iE*2 1.42-. 5.7.22*2 3.4632-3 T - 248.6
- 6.* .2.51E* 9..362.2 1.449E25
.4. * .' ?4*. 6.253c.*2 ±.021E-2



TABLE 4-.ER4XA DATA ON THE ABSORPTION COEFFIC!EN7 OF POTASSIL71 BROMJIDE (Wavenucber Dependence) (conticued)

DAT4 52? JSIC~hT.3 D.ATA 32T 39

4.6.b7E -2 Z...-1E-;4 i.Z53-eB J34t-.

2..57:2.2g..3-+2-x.8."Z-5
Z3.4c::+4 .. 5" - 8.4 1.; E -5

I jc~ . e57 . 3.7 3-+2 9.24' C-5
2.2T3---- 3.4Zt.*1 9.844E'Z i.CS.L-.
Z.' 63t+2 i.QiEo± I., 5c i

3 
Z.27E.

5;.Y SET 3? JA TA SET 4.
T =Zic.a T = -

2.9175t- ;..3 9.29i3$2 5.7-'.t5

- ??i-. 3.-d'.--2 ;.99.F-5

..c*..Z
7
3L# 3.:42 -7-

S. .' * 1So *. 9.7. i .2 O.~

#j -5.9.4-3
8.i C, i.33 1 ET'

1.429 *. a.-, -. . .22,-1

a.0 * - 4; E

7 * ,- 2..r. .e-3iE~ 1.45k-s
7. 44* ... ,k 4- 9. '..! t.57.L-i

6.3.9-+, -.--- 3I ..3..Z :eh't-i
S.* 9.--2 4.35,.-S

9.S.>.L+Z t..E
J&T. oil 3o 3.54-+.2 2.4-.c

5

T i. 3.7.4-.*Z . JE -

,..3v* :..2' £.s3243 c.2 tSEt
3.?.E:,2 1...2 ..E-4 z ..iS3 J.6J3:Et-
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Set No. Symbol V, cmi- Ref.

1 0 3.125E+l [431
-2 0 2.OOOE+1 [43]1

3 A 1.111E+1 [43]

10010 1 10 2 -10 3

Temperature, K

Figure 30. Absorption Coefficient of Potassium Bromide (Temperature Dependence)



TAl;LE 45. SL:.-%:IY OF I.;SLRI-Z-ITS ON Tie A;SU?IIOX: COEFFICIENT OF POTASSIUM BROMIIDE (Tumpcraturc Dcp-ndence)

Data ReM 'ethod Wavn=.bcr Te.. c-rature
Set o. sho r (s) Year s an-'e, Spcclficatlons and Reejrks

No. No.Used 
cm CK

1 43 Stolen, R. and 1965 T 31.25 41-300 higt purity; single crystal; grown by the Bridgman Meretha; plate
Dransfeld, K. specimens of thickness 0.5 to 25.Oc.,m; absorption coefficients directly

determined data extracted from a figure.

2 43 Stolen, R. and 1965 1 20.0 77-300 Same as above except for a longer wavelength.

Dransfeld, K.

3 43 Stolen, R. and 1965 T 11.11 80-300 Same as above except for a longer wavelength.

Dransfeld, K.
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TABLE 46. EIVERIENTAL DATA ON VAE ALSORPTIOY' COEFPICIE.NT OF POTASSIUM4 BROMIDE (Tei~perature Dependen~ce)

[W.avenumber. v, cm-'; Temperact.re. T. KC; Absorption Coefficient, a, c'

T CLT Q

DATA SET i. OATA SET 3(Co.4r.)
v - 3.125iti.

2.Z%- 1.3.,t*3
3-. .3.9'L+

1-. Z.342

3.5d.. ..
3 2

7b.., 7.61.1*z

.04 BEf

2..7:..#

Z~aiE ET 3

1.6.. 4 .363z.+.

v2. EO

TI..

1;4__________________ ________

l A. 5.4,!,E_____ -- - --2-
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Data

Set No. Symbol T,K Ref.

0.8
1 293 [122]
2 293 [123]
3 A 300 [110]
4 + 55 [1101

5 X 1.8 [138]

6 0 300 [241
o.6 7 + 72 [24]

8 x 4.2 [24]

9 Z 298 [126]
10 Y 300 [1281

U 11 x 298 [54]

0.4

0.2

0.0 - 2 0LAL
102 I0 100 10 102

Wavelength, pm

Figure 31. Reflectivity of Potassium Bromide
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____ TABLE 47. SUMMiARY OF MEASUREMENTS ON THE REFLECTIVIrY OF POTASSZIUM BRO4IDE

Set Ref. Author(s) Year Method Wavelength Temperature. Specfic~tioms and Remarks
%0. NO. Used Range, ha K

1 122 Antinori. H., 1973 R 0.06-0.094 293 Single crystal; obtained from the Harshaw Chemical Co.; specimen
Balzarotti, A., and cleaveS in air just before being mounted in the %anple chanber to be
Piacentini, M. vacuum punped; reflection spectrum obtained with a nonochram.tor of

band width of 1.5 A; spectra performed on the saee specimen after 24
hrs did not show significant changes and reproduced with uncertaitity

of about 5s; data extracted from a figure.

2 123 Blechschmidt, D., 1969 R 0.034-0.094 293 Single crystal; provided by Karl Korth, Kiel, Cermany; freshly
Kiucker, R.. and cleaved specimen; near normal reflectivity measured in vacuum for
Skibowski, H. polarized light with normal of the specimen lying on both sides of

the incident beam for increasd accuracy; data extracted irom a
figure.

3 110 Baldini. C. and 1968 R 0.136-0.222 300 Single crystals specimen with cleaved surface; back surface of the
Basacchl. B. specimen treated with an emery cloth to reduce the reflection fro=

the back; near normal reflectivity obtained with specimen in vacuun;
data extracted from a figure.

4 110 Baldii. C. nnd 1968 R 0.127-0.214 55 Same as above except at a low temperature.
Bosacchi. B.

5 138 Petroff. Y., Pinchaux. 1971 R 0.155-0.188 1.8 Single crystal; specimen cleaved in liquid helium; near normal
R.. Chekroun, C.. reflection spectrum obtained; data extracted from a curve.
Balkanski. H., and
Karmmura, H.

6 24 Hadni. A.. Claudel. 1967 R 18.6-120 300 Single crystal; specimen of prism shape to avoid interfer,;nce; near
J.. Chanal, D.. normal reflectivity obtained; data extracted from a curve.
Strimer. P., and
Vergnat. P.

7 24 Hadni, A. et al. 1967 R 18.6-120 72 Above specine and conditions except at a lower temperdture.

8 24 li.cani, A. et al. 1967 R 18.6-20 4.2 Above specimen and conditions except at a lower temperature.

9 126 Philipp, H.R. and 1963 R 0.049-0.62 298 Single crystal; near normal reflection spectrum obtainel; data
Ehrenreich, H. extracted from a curve.

10 128 Johnson, K. and 1969 R 27.4-278.5 300 Single crystal; well polished single surface; reflectivity measured
Bell. E. by asy.m.tric Fourier-trinsform spectroscopy; data extractel from a

figure.

11 54 McCarthy, O.C. 1963 R 1.9-40.0 298 Synthetic crystal; plate specimen of 5 cm thick; ground and polished
to a flatness of seven fringes or better on both sides; incident
angle 30*; data extracted from a figure.

/



TABLE 48. ExECETLDATA CN t~iE OELC11 F ?GTASSTUN B.WMIC:Z

[WavclegcnK ~ Te'npera:Are, T, X; Raflecriviry. p

);.TA SkT Z.CATA S4-T ;.(COPT.) DATA SET ZIZ.ONT.I 0414 SET 211014.? DATA SdT 3133?.) DATA saT '.1116.)

en .3T~ ..4.d2 e.29S .8 0.27S .8 3I C.1St ..19. 4.3.7a "1,8s 0.1±12

v .AJ~ ... 2 .k u 3S0.67 j.i, 43 (.doJ 1; iJl C.z, 16.- "..

2 . .3 0.453 l. I.,. L., .ii 3.-:t
- .3a a ~ ~ .322 jATA SET 3 c 135 2.102

33 ... ; .- 5,3 3334 Tz 3Z4.L ..eI '. i9 6J17
3.- V*1..~ is .163 J.... 4.31.. 6.221 ".i.9 4.3.6 ... 7

b .. 53 ... -. 3.7 J.-33 I.43b 0..719 a. 170 1.93i
..E33 ;. 3-a U.c 3.7 0. .79 j -75? 0.4i3 ... 137 c ... 9

3  
DATA S ET 4 1.71. 0.3z6o

bi Z L. .,i .L 4 .a. .1.31 a .4. C ~. o T=5.C.17. .1

- . e 2.J se62 1.236 4. 239 4 147 C..3. ;,70 3

3. - .129 3 Z,65. .372 j.1-5 C.2631 49.e ",I v.13 .. 1t ;JIJ

45 31 .3iU 0-1872 3.655 0.14? .2:0e13: L. U3.. w.1 &a, .1462
.. t, .ni~ 24.r4 .57 .63'. g.i.3 C.2*9 .31 4.1C339 X6iA u .4WE

Z. te -.. 11 4 d 1,. La8- ;..5qo1 .. 2.8 s.166S C.93 47 a? (.3. .I j .295
3'. .9 OaE9l ..16439 .; L"- .O.s7,6 0.116 1.135 01 .137 ,c.5

J..3..v5. E4tf 63 .1t .&9,57 ..35 4.489?L ... $2 z .. s~z
L.............ATA SET 0 tb3 j 41 .41. w.k c .01L 4.;. t .54 4. 05 W2 0. 46

j.4; .A7 t 093. 4~4 .2495t &.5 L'1s 4.14, 4. L84, t 34

4i ...333 ..656 3.337 ..173 04.2119 u.14Z t..12 4.21' i..119
6.. 74, .32 ' '1.134 0 .LO 0 63 U.464 ro. L74 1.2318 f£.1;4ie 1. ZA;5

.1 74 ..J3-5 4.16S On.i,65 o.485 4..?? 7 4.198? .1k.3 L.t.?9 4)ATA SET j
S. 73 M .35 i 1 .S1. 39 .181 L. .Li684 0.469 3.±?q 6. 1569 0 .164 4..073 0 T3 a
a. il737 '.2a 4-353 u .181 ; . .?27 0.24o 0.1$1 O.±24 G.: 4 U. Z692,
L..;7.3 .45 ... 3.9 Q0.174, 0.s?3? 3.223 . I.1S1 4.10zb4 0 .140 L. i13a ;.13 0.165
.4?i: ;.& ... 323 64..64 j .1752 3.237 3.1 st 0.1970 1,.147 C.187 v0.155, L.bl

L4.. 759J ... 2a58 '.37! .104 4.1.7S7 a.255 0.t83 6...475 .14? C.1648 Q1. 156 U-657
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TABLE 48. EXPERIMIENTAL DATA O\ ThIZ REFLECIVITY OF POTASSIUM BROMIDE (coutin.-d)

2111 SET 5(CC14T.I CATA SET SCCONT.I DATA SET I 0AIA SET 8(CONT.J DATA SET 9(CONT. ,; DT A SET 104CONT.I
T712.C

4.-, os± .15 (*i o.3 Z.
3
.Z j. 6?A C.4C,. 43.- V*

3.±. . 2 .287 4.75 569 .I29 68.3 1.9 2 .c. .? .. ,

.a.3 L.2TA S2T62.7 6.3i 65..5 E.767 C Jq a .9 598

5 .i 43 a.2 L61 6.1 C . 5 1* ?j 5l3 - 4

4.- ..., 04% Sr 6.2 72..2 0.6..9399 0.5 8. 321 C.Clt 62.6 .5

T.£ 4 = 4 .) ., 74.5 4;. 55 97.36 ?0.65730 4. ;17vT 5.2

62. ... S 7.6 32 ?a.z ..- 325 L.3. 10a

b32 .4.:29 8.3 -756. 3:13 C

.. 3; .,. .,Zs5.2 c 3..9 t5. I .547 lZZ? C.6 C9 .

J.0 .tj1. .S51 7..5 a.c3z9 40.ZC .4 67 C22. .151 L .47 Z - 4

4.. 77 .9 9.237.b Jf.z i7;.2 3.-L C.35 1.1

3.?3 b, ~ . 2 .3 .3-29 0... IASST9rS. .5
is -5. t.74.33 0.27.8 T * 98 . 17.s2... 075 C

4
4J

-a... 3c.z .1j ..2472.737 Z4.4 72.

- 9 96 a . - Z.. ..9c C.Z.b DAT S7ET (1f6

.:7 .c 74.2 .. Ci 1.154 ic7.4 ;5;13 1 .34 l,

ii .. 77S.. 9.. .. .64 2 .9.3 0.233 1.3 0.4353

3 % .1 4L.5 32-38G. l.a 2150536SE 0.93' 31.1 C.02 .5

13 *..7 33..2 71 .26c3. 0.122 T..± .9 33 2 2 ..

5. 7, 91.3 15 5T. 341 .2 .u..33 L 3 44.0Z =.± 3-4.

... 07' 56.9 .. 2.5 3.,!71 L.047 -0i 4o. 2 9 *..57

-2 , 2 1$6 r..6 Ij4 Lo lil Z3

3 DE96 0 9 9 3

I.;z 3 3E2
J-ill .2ir I'l~~~-.5 .6 1. .5 3 . .

_, .Z 5 . CC4 .6-3 QLS2 452 L.0. .7

_._ 9z7 31 0 6 .e9 % 8. E ; .?



V.ZL 48 ~EP~E~AL ~A.j TE i&yECTIVTy or POrASSTLJ BROMIDE (continuied)

DATA SET lit:QN1.

361 Q..3



lM

1 .0 r I T I I I I , T Il , , -m - ' I I

0.8

0.4
01

Dat

Set No. Symbol T,K Ref.

S1 (9 4.2 (241 ,.
0.2 2 0 e 298 1851

3 A 298 (541

0 1

Wavelength, pm.

Figure 32. Transmission of Potassium Bromide
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TXBLE 49. S i;,Ry OF .EASURE4NTS O\ THE TRASMISSION OF POT$SSIIY. BROM0DE

Wavelength Teperatute. 
Specificdtions and Rem-arks

S:a Ref. Anthor(s) Year Used Range. U 
h from a

Set hO.

ho.1 4 R~di, A. Cl~del. .. 197 T B9.2.172.1 4.2 Single crystal; specinoe of 2.5 oz thik 
aaetatdfo

1 24 Hdno, A.. Cj,.dej, 3.. 1967 T 
urve.

Chanal. D., Srrimer.
85 anCardbY, 0.e. 1967 2 s.17-3.0 Synthetic crystali plate specimcn of 5.0 m thick vith surfaces

parallel to It=dn 0.001 o[o of lnfn;th and flat to Within 10

fringes or better of the mercory gteen line; measureOents ,VdO o0

double-beam inStruments sith accuracy of 422; data extracted from

a figure: tenperature not 
given. 298 1t assumd

lcc~arthy. D.E. 1963 T 2.0-37.0 298 Synthetit crystal; plate specimen of 5 . thick; ground aad polished

to a s lthoSa Of seven fringes 
or better on both sides; data 

talec

from a figure.

/



TABLE 50. iEY!Pr.RDINTAL OAThk (),q YTiE TWS1SI OF POTASSIfL,3 B.ROMIDE

DATA SiT I. 34Y4 SET 3

V.3,

5..'4 .. Ill

C26.

.54

W.66 .01

I Sli~

3.3(



TABLE 51. PEAK POSITIONS (Xmax) IN urm AND HALF-WIDIHS (W) IN eV FOR TIE F, R, M, AND N
ABSORPTION BANDS IN POTASSIUM BROMIDE*

Interionic F band R, band R2 band M band N bands

dis t . . A Temp. X W X A X W X
(A) max max max max max

3.29 RT (0.630)t (0.732) (0.792) (0.897)
0.625 0.35 0.917-0.918 0.12-0.13 1.080

0.628 0.38
0.630 0.42
0.631

NT 0.599 0.19 0.735 0.790 0.887 0.06-0.07

0.601 0.20 0.892

0.603 0.22
0.607 0.30
0.608

HT 0.599 0.16 0.883-0.884 0.05

0.602 0.20

* Values were taken from Ref. [69].

Values given in parentheses are calculated from the Ivey relations [70].

F band Xmax - 703 d
l
**4 for NaC1 structure, Xmax  251 d

2 .
4 for CaC1 structure.

R, band Xmax 
fi 
816 d"

R2 band x 884 d
'
.4

max
H band A " 1400 d

1 '

max

) ,
- ---
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TABLE 52. RECO4ENDED VALUES ON ABSORPTION COEFFICIENT OF
POTASSIUM BROMIDE IN Ii REGION AT 300 K

V rX, Absorption Coefficient, cm
-

Intrinsic* Observedt (Selected)

2.990E+02 33.4 2.9E40 2.0+0
3.000 M02 33.3 2.81+0
3.500E+02 28.6 7.81-1 7.O1-1
4.0001+02 25.0 2.IE-1 2.0E-1
4.010E+02 24.9 2.1E-1 2.7E-1
4.500E+02 22.2 6.19-2 1.8E-2
5.OOE+02 20.0 1.6E-2
5.010E+02 20.0 1.6E-2 1.3E-2
5.491E+02 i8.2 4.8E-3 4.01-3
6.OOGE+02 16.7 1.3E-3 1.5E-3
7.O00E+02 14.3 1.0E-4
8.O00E+02 12.5 7.9E-6
9.00E+02 11.1 6.11-7
9.259E+02 i0.8 3.1E-7 1.8E-5(B), 5.6E-5(T)
9.434E+02 10.6 2,0E-7 1.4E-5(B), 5.6E-(T)
9.524E+02 10.5 1.6E-7 2./E-5(B), 6.4E-5(t)
9.709E+02 10.3 9.9E-8 1.51-5(B), 6.0E-5(T)
9.804E+02 10.2 7.8E-8 2.2E-5(B), 6.8E-5(T)
1.OOOE+03 10.0 4.7E-8
1.035E+03 9.b6 1.9E-8 2.7E-5(0), I.IE-4(T)
1.046E+03 9.56 1.49-8 3.31-5(B), 1.O-4(T)
1.079E+03 9.27 6.2E-9 3.3E-5
2.632E'+03 3.80 3.5E-26 1.79-4
3. 704E+03 2.70 1.2E-4
9.434E+03 1.06 3,0E-6

*Intrinsic values were calculated according to Eq. (35) with
uncertainties about ±10%.

tValues in this column are the total absorption coefficient
which are either lowest reported or those used to define the
constants in Eq. (35). Uncertainties of these values are
about ±10%. Values lower than 1.O-3 carry higher uncertainties
up to ±30%. Letters in the parentheses have the following
meaning: B - bulk absorption and T - total absorption.
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3.6. Potassium Iodide, KI

Potassium iodide is valuable as prism material, but it is too hygroscopic

(being about twice as soluble in water as potassium bromide) mnd too soft for

field use. It is also soluble in alcohol and in ammonia. Crystal ingots 19 cm

in diameter are available. Although KI is one of the softest rock salt-structure

alkali halides, thus not a suitable optical material, its wide transparency,

0.25 to 50 pm, draws considerable interest In research. Fundamental absorptions

in the ultraviolet and infrared regions, as well as static and high-frequency

dielectric constants have been measured by a number of investigators, and the

results are reported in Table 2.

A reasonable quantity of data on the refractive index of KI are available

in the open literature. By careful examination of the available data we find

that for the transparent wavelength region the results of Gyulai [271 and

Harting [30] are consistent (with temperature effects considered) to the fourth

decimal place, in spite of the fact that Gyulai quoted an accuracy of one unit

in the third decimal place. Korth's values [139], although being reported to

the fourth decimal place, are good only to the third place. Data reported by

Sprockhoff [140] and Topsde and Christiansen [141] appear slightly too high

at the assumed temperature; they either observed at a considerably lower tem-

perature or used inadequate samples. In the infrared region, 40 Um and up,

data were deduced by analyzing the information on reflection and transmission

spectra. Data are available from the figures of Hadni et al. [24], Eldridge

et al. (1421, and Berg et al. [143].

Li [33] reduced the then available experimental data on the refractive

index to a common temperature of 293 K and after careful critical evaluation

and analysis adopted a Sellmeier type dispersion equation to evaluate the re-

fractive index at 293 K in the transparent wavelength range 0.25-50 pm

n2 - 1.47285 + 0.16512 X2 + 0.41222 X2 + 0.44163 A 2 + 0.16076 >
2

X2 _(0.129)2 A
2

(0.175)2 A
2 

(0.187)2 X2-(0.219)2

0.33571 X2  1.92474 X2  (36)

A2 -(69.44)2 X2-(98.04)2

where A is in units of -m.

L -.--- ~ -- ---- - - - -.-.
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Available data on the absorption coefficient, reflectivity, and transmission

of KI compiled in the present work are given in Tables 53 and 60 and are plotted

in Figures 33 to 38. Investigations of absorption coefficient for practical

applications are generally classified into three wavelength regions: the ultra-

violet and the infrared absorption edges and the transparent regions. In the

case of KI, much of the absorption measurement was carried out in the vacuum

uv region for the purposes of studying the band structure of the crystal. Many

observations were performed in the far infrared region for study of the dielec-

tric properties. Little information could be found in the transparent and

absorption edge regions. In the uv absorption edge, early studies of the Urbach

tail of KI were made by Martienssen [1351 and Haupt [144]. Later, Tomiki et al.

[77] studied the absorption of KI in the wavelength range between 0.200 and

0.280 pm for the purpose of determining the Urbach-rule parameters and finding

the features characteristic of the intrinsic tail. Through a systematic ob-

servation and analysis, the following empirical relations of the parameters

were found

E = 5.890 eVa
0 = 0.6 x 1010 cm-1

hf = 4.5 meV

a = 0.830

for the expression of absorption coefficient of the intrinsic tail

a- a exp [-s(T)(Eo-E)/kT] (37)

where

(T) - a 2 kT tnhhfOs(T ffso - - tan 2k

This equation represents the intrinsic absorption coefficient for pure KI

crystals.

In the multiphonon absorption region, absorption coefficients on the high

frequency side of the reststrahlen band were measured by Berg and Bell [143]

based on transmission and reflection measurements using the method of asymmetric

Fourier spectroscopy. Eldridge and Kembry [142] investigated the optical prop-

erties in the vicinity of reststrahlen band at various temperatures using a

Fourier spectrometer for specimens of a range of thicknesses. Their results

i.. m - i
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agreed with those of Berg and Bell at corresponding temperature as shown in

Figure 34 where the exponential relation between the variables are clearly

seen. We found that the room temperature data can be represented by the

relation

a 0 e 0 (38)

with v 0 36 cm
- I 

and a - 3458 cm
-1

. Detailed discussioa of this finding is

given in the section entitled "Summary of Results and Recommendations".

We have seen that the intrinsic absorption coefficients of KI in the

Urbach and multiphonon regions, respectively, obey the exponential law. It is

not known if the two relations hold for the transparent region. If they did,

absorption in the transparent region would be negligible. However, at the

color centers (given in Table 61), possible absorptions should be considered.

The intensity of absorption depends on the purity, thermal and irradiation

history of the sample, and its physical environment. As the color centers

may be bleached as well as created by appropriate thermal and/or radiation

energy, absorption at these bands varies considerably. As a result, no definite

values can be assigned other than the spectral positions of these bands.

Figures 33 to 36 are plots of the available data. The pertinent infor-

mation of each data source and the corresponding original values are given in

Tables 53 to 56. In addition, available information and data on the reflec-

tivity and transmission are also presented in the same manner (in Figures 37

and 38 and Tables 57 and 60), for completeness and comparison. For the visible

and near visible regions, Table 61 gives the spectral positions of the well

known color centers.

Recommended values given in Table 62 were calculated from Eq. (38). It

should be noted that the values in the "intrinsic" column are the lowest limits

that one can obtain for ideal samples. In practice, the observed values are

generally higher than the limiting values at low absorption levels. Unless

values appear in the "observed" column, the limiting values are considered

as guidelines for estimation and investigation.

Although it was not within the scope of this study to compile and evaluate

the absorption data in the vacuum ultraviolet region, in order to provide the

reader a total picture of the available absorption data of KI, a plot of selected

data sets in the uv region is given in the Appendix to this report.
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Data
Set No. Symbol T,K Ref.

2 1 293 [137]

10 4 0 293 [145]

8 A 65 [77]

9 + 185 [771

10 x 295 [77]
11 0 367 [77]

E 3 12 + 455 [77]
U 13 595 [77]

14 Z 298 [126]

r

w 10
0.

0i I
102

32500 35000 37500 40000 420 45000 47500 50000
Wavenumber, cm

-

Figure 34. Absorption Coefficient of Potassium Iodide in the 
Urbach Tail Region
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10

10 Data

Set No. Symbol T,K Ref.

1 M 300 [1431
5 0 300 [142]
6 & 77 [142]

102 7 + 12 [142]
15 x 300 [104]
16 0 80 [104]

U

; 10

Intrinsic

0
L)

10- I I

I50 200 250 300 350 400 450 500

Wavenumber, cm-

Figure 35. Absorption Coefficient of Potassium Iodide in the Multiphonon Region
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TABLE 53. SktNARDMY OF IAV~~:T ON Till'. AB SORTION COUrFici:x r or COTASSMM2I 10DB (Wve'u~ Dc lpeecrucce)

D. ita Rf. Mthod Wavenu,sber
S, t Author (s) Year ltdRaeTemerature Syecifirth-ns and Kremarks

N.. ef. Used -)Range,K

1 143 Berg, J.1. and 1971 2 2.2x1O'-2.28xlO' 300 Crystal; obtained froUm tie ieQ w Sa Co.; twa ki;s of
Bell, E.B. soccirmens used, Lappd .and polis!.d .- cliar sperc:7,ns z,

ch~in as 100 _a 'or rran:-.i taaee ::esr cs nd plate .pec-
imoos of about 1 cm thick with one surf.-ce Iar-ped arnd Polished
for refractivity neasurements; mcasurireots -ide using a
lliclu-lsan ioterfconrcter opevrace-d in the aSy:-otrlC node; ab-
sorption coefficients de-duced fro:e train-eittince and ref lee-
tance oeasurerenrs; data c:,tractid from z fig;ure.

2 13?7 Bauer. C. 2931, T 4.41x30'-5.4x10' 293 Crystal; thin film spe-cim(.ns of various tlhicknesscs; al-sorp-
tion coefficients of bulk crystal d, Juced from tr.,,,sittcceea
and specioen thickness measureocots; data extracted from a
table.

3 123 loclscloridt, 0., 1969 ft 9.58xsI&-2.22xlOs 293 Sing;le crystal; provided by Karl Xorch, Kied, Cermany; frcsa'lv
flicker, Ri. and cleaveS speefrin; abs.orption rccfficiccts krtved -0- t.

Skibouski. 71. reflectivity versus angle of inciioace ce.tlodl; data ex~rjatcl'
from a figure.

145 Dtolheeg. 0.3. and 1954 ft 1.42:,10-4.51.10O' 293 Single cryt:al; obtaiced from the llar:Tajw CI-nicai Co. or
Vuster, P.H. grown by the Kyropoulos method; geomtry not spkcified; ab-

sorpcioa-coe-fflcieot data ostracted from a I ie.

5 142 Eldridge. J.E. and 1973 'B 2.5.10'-3.0.10- 300 Single crystal from ll.rshaw Chemical Co.; sartpkeclrinse in
Keebry, K.A. touone, rinsed in alcohol, then erie-i aid poiishJ;. - :gte

thickness 0.01-1.0 cm (Wedge shp)nbsorption covffirients
deduced from transmission neasurements; data extrocted irom
a figure.

6 142 Fldridge, I.E.. and 2973 T 2.8.10'-2.52.10' 7? Above specimen and conditions except measuird at a IC-r
Kcmbry. B.A. Etc:;pe r4 - ure.

7 142 Eldridge, J.E. and 1973 T b.9.1O'-2.410'Io 12 Above- specimen and eonditions except measured at a lower
Kr-hey, K.A. teiet-rtrc.

a 77 Tumiki, T., 1974 ft 4.54cI0'-4.65c10' 65 Single crystal; obtairocd iron the ilarshaw Chemical Co.; a,
Nlyata, T.. and sorption coeficients deduced frm reflection spectrus; data
Tsekamato. 1i. extracted fro. a firure.

9 77 TomlkI, T_. et .,1. 1974 It 4.25xl0'-4.5siO' 185 Similar to above earept at a hi;ln-r t,-w,,raticre.

10 77 To,al!kl, 7.. et at. 1974 ft 4.03s10'-4.32s10' 95Similar to above! ececpt at a lighe tgeatre

1l 77 Towlli,. T. et at. 1974 Rt 3.93110-4.22\10- 367 Same as ala Ve exce1't at a hir.1-r to; p~c.Lure.

12 77 Tomii B., t c al. 1974 ft 3.6.10'-4.1-00' 455 Same aIs ave esXCept at a lsi, lcr tempe1rature.

13 7? TolkI, T.. ct al. 1974 3 3.6i4s30'-3.95s10W 595 Sane as above except at a hig her tenperatuce.



TA~I. ~. s~:X l ~ \S',.M.:.s Uk A4UU~2UNCU~c L OF 0.AS<ILM 10:111)U W ~ is:l rI>i~'~

4o. ic-ir~s ynr Used Rk-rnre, X

14 126 ?htiip. F.R. .ind 1963 R 4.35xl0'-1.86xWO 298 Sin, I~c crystal; -- nr ;wr~ial refj-crian i;,crun cht-iinci;

Ur.~c . ziior 'Lion CO-t U iLoi &,,c J by thc Kra-r,-r.4 rla
tions; .bi~crptioai-oefficicrt data -ftrictcd fror fi:-

15 104 !;.rrintn J. A. * 1976 C 244-495 300 Single crystal; obt~iond fromn thc li~rshxw Ciiusoicnl Co., x'r

Orhler, C.J3. * 
Juntal dutail not givonl; data oxtrictec from a -±;jrc.

Pztte. F.. and

16 E34 Iri.Zi~fl. J.A. t. al. 1976 c 242-427 80 Same as above.

A (



TABLE 54. EXPERIETAL. DATA ON THE ASSORP~TON COEFFICIENT OF POTASSIUM IODIDE (Wavenumber Dependence'

jWavenwuaber. V, cm-- Temperacvr. T. K; Absorption Coefficient, a, ca:'3

aL v a 11 aa

D~ASET I. U&TA SET IICCNT.) OAFS SET 3CCONd.) DAT4E SET 6t COHI.% D ATA Si t SICOP4T.) Da TA SET 6ICONT.)

.3.E15.2544t1 X.?54E#, 5.73IE*5 4..24L44 2.Ztn0t4. L.64,LhZ 4.206'44 !1.3444 1-5350-2
Z.27& 4L-* 3..32E-; .2e.2 b.I.55t.;1 1..7 44. 4.~&' .356E4 3.4t I.S 

4
L42 3,2.Sit 0 .2'tca3

43z' 4-1 3. 54A'2. 2.stc:4. t. 653c. .74S '4':.1ii£1 B .Ej 2.2.364*2 l..cn44 1.6.4

.-717,*Z 1.23zm44 2.45.:'2 S5tEt 1.596E-5 B.U22E4 *.4tjZt. SACtE*C b.6ZL2.1 1.738zC 1.7. .i..'2
bbl . 6-2 1 oliEt? 2.56Ci.2. 5 .262E#J 1.577E+5 b.1,35:45 4. .:744+. t.t..4'bl 6.JLJt+12 1.414E *4 x.,' 2.4S;0'Z
b .2.- e 4..33E*Z k.1.f 4. .Zlt+j 1. 55-)E5 5.'eW E .2.32' 7. S.LE*4 1.o:2 1.1.7:9 :.'4:. 3.ei.E42

* o*eS35i'2 JATA SO Z 1.'.SiEt *5.68iE*5 .. u5E-4 t.a.4E.4 4.~42 ... 4 #l .9-' c

.S?'.+4. '.-.7E.2 1 233.w 1-5.E-5 4.5744. 5 4..,fl45. .ts S54' 2..4A9:.#..

..Ate7.311c.. 5 3,32E44 9. 3:.E t ;.s831* .S 4.5=# Z .UQCE4. 3.SCLE4C Z.8(J4t1 5.4 fZLc.. 9..., ' .4:2
1..3' 8.513-;-Z 5.J3bc*4 2.37?:*6 i.3t,2Z'5 4.144.5 L.f1leE544 3.6.G,4.4 cl~. .u . 4C..4- 8.304Z*1 6.511*

9.444 .5!44'? 6.Zo:Ei'4 7.aLt5 ;..335E.5 5.,33S 1.b.7Z4 3.al.E4*L 441

:.:423.?trii:t 5.o .262.' ..z254' 5.1.54'S t1.5Z54', 3.64,.tG DATA SET 6 5.Z:*
.St It+- 9.3z. 5.4z4.. T. t l..2n t£' 5.7 :. 4-5 L.4i14*4 3.64g4*C TV ?7.u 7. ' .7.'

:.23~ ,,,:e .. 93u .6 9:44 1-27:4.5 5.734E5 t....ot.3.3'.5:.4

:.9.* .. 44 - ,j~ .57.iti 1.2.8t 5 5.3.445E+ DATA SET 5 Z. 5cJe+2 1. 349z -. 7Z*I
2 4-+ ;. 65z - 4.7a'."4' 2.2sCL4i 1. 2364' 5&..?2E+5 y = 3. . 2.4b2442 1.776:4 .o....Zaz

i..34Z 4.i!J--3 ..ob*:'t. i. i C*5 1, 2;.E 5 u.1*4644
4
S e..Z4: :.+2 2. 3'.4' *. 1 .'

-2 3. 537c *3 4..556.'. 7.1a.4'S 4.4654.5 5 .14.4E46 3.Zs6E'2 fEbtTE-1 Z. !4 a *2 J. 467t. -1 3. S..'. c,Ot:'8
SG 5 a 5. 3 53 '.:S'..33':' L* . ib.6Et5 4.-ZEl:4 Z:86..441 5.3:44E-I i.Ezj.z?7.*1SE-: ... * 3.1.t4

4 . '4-2 1.9S.:3.147:*5 4 .3 4iC'5 2.6.:'? 1..:' .2740.4 ;,.43Q#. - .t44443
5 , 74Z DATA SET a .2E5 ~54 2.5,.14'?Z iSE-4C 2 .19044z i. 562:' -L2-L 4 !;.I

9.00.-'~~~~~~~~ .7T. 4. ~ 945 4. C544.5 2.37.4'4 3.98:f*G z.1.44 2.7-t. 2a 2 .3-
,

7
J;1-*.13E.'5 4.,3E. 2.44,.:'? 4.o,74,. 2...5Jc*2 3o4,

9 Z436' .2:3:' 6.53o.AS 1.2..54*5 4.C8.4E5 2..E'2 2. 4ZE4 . .:'4 4.1(
9
t*L alftA U 7

9.' '1,..t~ 2n...5 b?2n~i 1.444, 4271'S .%,:' '.169'1 1.37.,.'? 5.3h Z" T .2.4
A.3 4..2:3;*? Z.!3.4, 6.56:95 40.4* .364E+5 l.5:4t.7Th41 1. 95.-,2 7.479L+.

..4' 4.: 2.. 3..'S 6.i67ti i. 9.'4E*' 4...235'5 I.8.04'2 7. 7*a, 1' 1.524.4t?+ 1. L'7;-; +; 2.4wk L * r ...
o0.7 - .57: £*4 4.oZ' ...'7.: 9.751,4.4 4.9C14's 474' 6.71.441 1.Si3:.? 2.349tt 2 3. '2V :1.'.3£-1

15144 4.o,:S .73iL'S 9.5044". 5.'.ZZE*6 4.44211242 l80. .6Sij# e..c' 2.7'.41

2.- :.3c6:*2 2 .4.5 -4.5 6.534405 L. 6334*2 ±.nJ3Et2 1.43t4'? 1.9Iis94. 2.32 '2. 3.ss"1
4 . 37.t*2 &. iit.5 *.2o.E45 OATA SET 4 1.t4Zc.*2 i.7766.2 1.h.43.51' a.4. '. *;'io

1667L*z 1.95,'..tS o...ES T a 493.Q L..?3c' e 1.231'?t..042 4.365.':. 2.: -- 4 7.4%.42.
04 '21.34? 2.1.5 ilzit5' t.5904QE2 2. 654.2 ;.'.34.*2 5.66-.. 4t a.II L 1.1.3a4G

,.... .444 1.656445 5.53St'S 4.S5E54 3.:6Z4~z 1.56042 *.o774'2 I.Eb64442 6.612.444 cZ
5

.Q42 1.Z'91t6
. .31i-i 3_716a4+s S.696L#5 4 .%44*4 2.63;E*. L.544'?# 3. 981E+2 2.6'..i#2 3..22E*Z '.44' .565E.U

A,-



TABLE 4. EXPERIMENTAL DATA ON THE AESORPTION CIEFFCIENT OFPECEAS S 1 M bOrIcE (Wavenuzber D~pendene) (cn-i~d)

2 V a AV v a

)ATZ SE-T 7(C3'4T.I *3A1A Sr-r Is("N6T. 1 2AT 5 T -2jfC3NT.) Oi.?4 SET 111(50614 DATA Sc? li(COM4t.i DATA St? z.3 (Z14T

*6z5 )2 E.ii' 4..2' -!±,5; *i 4. . Z'I ?E -I *.96E.6 5. ZL E- 3. il19 46 3. 358- -I 3. 7,T;*. Z.744-1
.. i3.' - .

7 9
4 .. ec'2?a1 .?iR ~ 3 

3
c6 ' .I -1 3.73;4. 2.249t-1

3 t .. ;.:4S*~ ..4,ci', 3.-ZQEl 4.Z57E. . !.Lbt.-1 1~t6 4* . .5 18 -1 .lro;*. 1.83?tE-
w.'32c'z c.t 4. 2fl'641. 1 St 4.,17* 3.j1.9cit 3 .Si, 2.Sc2 .E*.n.Sc

,.J~~.t~~cI. .1,i~ L~.3A1 4.4636., Z.66L-1 6.83L-4. .2'.9c -L

A i - .. %2-t+4 ?.36±5lEE. .22L 4.1 .SE#4 1.9,56-1 3.SS83c*6 2.O6J1- .ATA $61 3.4

.. s,*...?'c .,6. . .I38c2 4.cito. 7.4,7E-2 461564.1.. 3.870±'4 .4tbL65
.. 6j2L*6 6.fbE-l 6.1.9E#4 6.Z:8-2 3.99k*. .,9t1 3.30-#". -. 555t- . 35 9.1 .E'5

ATA zT 8 .4. + * 3.,st1 4S. 6. lz84-2 3. 93ji*'# .8.±c62 3. 3,5''4. Z6u14 -1' 7 . . +i
-1~

9
.4#4 Z.97 1;fl .z.' 8.1Z6-2 3 . 30,t'. 8. 166E-2 3.85.;'. L.1651 1 .77?.;*, 7..;.t*

.. '. . i. 3 iL' n.Zl 7bt i.L55i 1 6.?E % 6.962E-2 3.933E#4 7. 76Z E-2 3. 8. A*04 9.247?i - .71 L o: .9CQE#5
..o2 *. 7.iiE'.. ". .d0. 4 2.Sl;. 3i1 4...v.. '4 E-2J2 2.t 4-*: S. 9:,L4,

6c5, #. c.- li. .. 37.Z-4 ±.c1 . 414 AT SET i.2 DATA 511 13 1~.i515 6:4.. .S
- .Si. .3.tL#.;.4 .- DATA SET 11 T = 455.4 T - s

9
i.. 0.otA 1..Ist*

- .2 t. .3-t '1 ..535L' 1 .i7811L V = 367.L..9c
5  

... '
*O

3
- *t #. I~~* .2 . 1.1E c1 4.L7?it, 1.&biL'± 3. 3i. 0. 1. 9652L I 1. 3li I 1. ;.E*6

- 3.54..:3' 57± '.219E#' 1.9:'.6tl 1.4 .i77oEI-± 3.9'..6'. 1..5.-.z . :;. 1c' 6 ... c*';
- c's5;. .. 31~6 .. oE~ -213;#6 i.-55Et1 -74.4. L.4c1 .ci. J..4 1.2Je;'S 7.6..,.65

2.t'~' 2.571. .. 51' 1.ci9E* I 4.CS?c'6 9.i9..E'L 3.9.51". 6.516r.0 C 1.379E#S 6.14.E*S
4. . . -.. i?3t*. );TA SET i. *.19oc'v 1.1751.1 .. 5±I*64 a.3So;.3 3. 9,..ft' 5.2&,c~L 1..O;i t.?.c.S

;.i+, 4 . 191E-. .710 6 .1 386#4 5.54 8E*; 3.Sh85.'.. .. Zt.. I ., 7.i4i 7.451S
.548-4 ' :434'. .64 2 .. ; Ut +'I %..8eE#. 0.223E'0 6.42iE'6 4. ?861*0 3.57?E,. .13C1;#* .J:' 6. 5..t -5

4.563;-.. 7..496-1 4.3-+4~ 8..?CE J 4.:,56E'4 Z.793E'u 46. .%, CE6* 2.S88±4 3.8554 2. . L .1536'S '.69C1*5

54,-;4 5.5..bCfL- 12 '.JLj*4 6.653f-d 4.. 4''. 1.?; oE'4 3.5i.;*6+ i.6" 416 3.8391*6 1.622i.48 1-.?3L+5 S.Id .E*S

541, jET 9 .? ;i.523;43; 4.129;#4 1.5649E' 3.9?01". -. 343L+. 3.82%;". I.UStL4' '178;.4.,;S

T I s. .*' .W.786J 4.123 :., 1.1381'C 3.9*fl'4 1.i1'l.~ 3.6±71''. 9.?77Zr;1 9 .. 13E - 5. 3. 31'S

4.67?;'*. 9.8171*C v..c3?;64 b.5±bt.I 6. 1. t4 6.?9211i 1.936E#4 5.3?,Lfl 3.7c914'. 3.784E6-1 ?.utat*%. S.sjE*14

v.2 i#- .6E1 4 C .6F1 393* .4 i-1 376* . U1 90.f .,AW



TABLE 54. EXPERIMENTAL DATA ON THE ABSORPTION COEFiICIENT OF POTASSIUM IODIDE (Wavenuaber Dependence) (continued)

5A14 jET 1.(CQ.T.) DATA SET i5(COr.t.b DATA SO ItcCovIT.)

t.29Oie4 5.6..2Z.5 .. 51322 0 .E2 3.sz15.#2 9.39a.E-2
7.di,.8.iS ~ Sj* 7.646t-3 3.96521 , .e -3

5.31?-E04 b.Sflt-i '..6Jjt#2 6.74aE-S 4.5CE.2 4.2.0E-3
.Zoc.o.9..2E#5 .. 33.;zAZ c.JZLJ- k.2LCE+Z 3. 22E-3

6.:z* .6..JEt6 4.35jc.*Z %.546L-3 4. 276E*2 d!222E-3

.~..2.9...i*5 DATA SET !6

Z.?flt*5s T = 6..1d

.75 8L . c.S ..J,45 2.42Ja02 9.2325-1

5i6C7 c. G.'..E5 2.5.Ec2 6 - )L5t I

-.. ' S-. !.. .5 .;Ec+2 3.4...ck 3L

2.'.4..J E 2.21 1 .. 1 %.L -1I

C. ISI'L- - 1 -

11155 1 .A .n.2.2 ±.34i.c.

2 3.6:ZZ'.. 2.is,2..*

3. z1.3.. J.2.35* 1.27.L-1

3:Z.2 1 .c js* I.d5gL-
z a 2.i .3..Z1.1 1

3.. 3 4 .t,.i-l S.2...' 1.27.L1.

83, -23.c6..*2 9.b)..L-Z
3.CJ.Z 2 2.07.3e 3 .I .2 1 .53LiE-

'.633 9 S..? 4& 5JL$Z 5-5L-i2
S.?as 43 ; -* J. 6.*2 I..in.E-
3.53..- *2. ?.j- c .A.Jt.Z 3.42i.L-L

e L .). c I 3.b,..E2 I3186C5E2

'2 .i 3. a 14oE +.* 2 .7oCE 2

2 2.2'.'-2 3.409i#2 ?±9 acE-2

'2 1. .~ J.62
2

Z 2~7is



200

10 4 I

Data
Set No. Symbol v, cm

-1  
Ref.

i C3 3.125E+l (43]
2 0 2.OOOEtl (43]

0

0

0

2

a

10

10 10 2 10 3

Temperature, K

Figure 36. Absorption Coefficient of Potassium Iodide (Temperature Dependence)
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TABLE: 55. SUC>VlARY OF ~iIASUKLIL':T (N II. 1;SOXPT]3N COEFFICILST OF POTASSRLN JOIDY) (T-p-,urv DP~ndc..)

Sct No. ARi.r() YerRngc c-. Ktr
No. Usd cm" c pcfctosaJRak

1 43 Stolen, R. and 1965 T 31.25 43-300 High purity; single cryaral. grown by thc Bridgman method; plate
Dr-feld, K. specimcns of tIhicklness from 0.5 to 25.0 =.; absorptlan coefficients

dirc~ctly determined; data extracted fro. a figure.

2 43 Sto'Ln. P. aed 1965 T 20 162-300 Same as above except for a longer ,avel,ngth.
Dransfeld, K.



TABLE 56. EXPSRL':EXIAL DATA ON 7Th: ASSORflIQX) COEFFICIE:NT OF ?OTASSIUN !CLA:IE (TeZperarure Depenience)

[Wavenumber, vj, cm-'; Temperature, 7. K; Absorption Coefficient, a. cm-')

T

DATA JET I.

3. 1:9Eei

6.B2. *i

Z' b. 6 ~l*
;.. ?etE.J

2.71 .. z. 3

3ArA SzT Z

1-Z., 1.3--*2
A. 3.ib2

23..(I 3.3..
2.5.,. J.5?IL*2

~ ..357;-02

29.. S. 9.2iL42

SbO* .. 5flEj



.--- T-FTI -T --1-T- T---T-y-I I I

Data
Set No. Symbol T,K Ref.

0.8
1 I3 300 [143]

2 0 293 (1231
3 A 300 [110]
4 + 55 (1101

5 X 6 [146]

6 0 1.8 [1381

0.6 7 + 298 [147]

8 x 77 [147]

9 Z 93 [148]

10 Y 298 [149]
11 x 300 [84]
12 w 298 [149]

13.x 298 [150]S0'--14 1 300 [1421

15 A 298 [126]

16 - 290 (25]
!7 80 125]

18 4 4.2 [25]

0.2

10
-

2 l0
- 1 I0 

0  10 1 I0 2 10 3

Wavelength, in

Figure 37. Reflectivity of Potassium Iodide

/



TABLE 57. SUN..APY OF MFASURT.ENTS O1 THE REFLECTIVITY OF POTASSIL.I !ODIDE

Set Ref. Acthor(s) Year Method Vavelength Temperature, Specific..tioas and RLc-.rks
S o. Used Ra..ge. ix K

1 143 Berg, J.1 and 1971 R 47.34-228.8 300 Crystal; obtaied from the HFr %w Chea.ical Co.; lpped and polisied

Bell, E.E. plate specl-as of .bout 1 ca thick; reflection spectrum obtaitted;

data extracted from a figure.

2 123 Blechs~haidt, D., 1969 R 0.035-0.099 293 Single crystal; provided by Karl Korth, Kiel, Cermnay; freshly

Klucker, R., and cleaved specimen; near normal r~ilectivlty -casured In vacuum for

Skibo'ski, M. polarized light u.th normal of the speclm. n lying on both sides of
the incident beam for Increased azcuracy; data extracted from a

figure.

3 110 Baldini, G. and 1968 1 0.124-0.243 300 Single crystal; specimen with cleaved zu;face; back s-rface of the

Bosaccht. 8. specimer treated with an cmery cloth to reduce the relection from
the back; near normal reflectivity obtained with specinen in vacua;
data extracted from a figure.

4 110 Bzldini, G. and 1968 1 0.124-0.243 55 Same as above except at low temperature.

Bosacchi, B.

5 146 Baldini, C.. 8osacchi, 1969 1 0.198-0.216 6 Cleaved crystal; sample geometry and origin not apecified; near

A., and Bosacchi, B. normal incidence; data extracted from a curve.

6 138 Petroff, Y., Pinchaux, 1971 P 0.209-0.213 1.8 Single crystal; specimen cleaved in liquid helim to avoid surface

R., Chekroun. C., contamination; near normal reflection spectrum obtained; data ex-

Balkanski. H.. and tracted from a curve.

Kanimra. 0.

7 147 Roessler. D.M. 1967 P. 0.110-0.248 298 Crystal specimen cleaved In air; exposed to atmoaphere for 2 minutes;

near normal reflectivity measured in vacuum; data extracted from a

curve.

8 147 Roessler, D.M. 1967 R 0.110-0.248 77 Same as above except at a low temperature.

9 148 Weeks, R.F. 1958 R 0.201-0.253 93 Single crystal; cleaved; near normal reflectivity measured In vacuum;

data extracted from a curve.

10 149 Kate, R. and 1968 It 0.165-0.248 298 Single crystal; grown from the melt; 2 nm thick; freshly cleaved in

lVicia"be. .4. air; near normal reflectivity measured in vacuum; data extracted
from a curve.

11 84 Illtsuiski. A. and 1962 P. 59.9-149 300 Single crystal; near normal reflectivity measured in v.,cuum with

Yamlda, Y. aluminum mirror reference standard; data extracted frem" a curve.

12 149 K.,to, R. and 1968 P. 0.165-0.248 298 Film specimen deposited on LiF substitute; near normal ... flectivity

W..tinabe, M. measured in vaunum; data extracted from a curve.

13 ISO Vlshnevaki, V.N.. 1973 1 0.154-0.239 298 Single crystal; grown by Kyropoulos mthod; near normal reflection

Stefaiis ai I.V.* spectrum obtained; data extracted from a figure.

Kueyk, M.P.. ullk.

Z.S., and Kolik, L.P.

~1 /

Ase, = ~---- -- -



TABLE 57. SbUKRY OF iMEASURENL4TS ON THE REFLECTIVITY OF POTASSIUM IODIDE (continued)

Ref. Author(s) Year Method Wavelength Temperature,Set ef Auor) YerSpecificacions and Remarks
.%q. So. Used Range, Urm K

14 142 Eidrige. J.E. and 1973 R 62.5-333.4 300 Crystal specimen cleaved in air; exposed to atmosphere for 2 minutes;
Kembry. K.A. near norral reflectivity measured in vacua1=; data extracted from a

curve.

i5 126 Philipp. H.R. and 1963 A 0.053-0.653 298 Single crystal; near normal reflection spectrum obtained; data ex-
Ehrenreich, H. tracted from a curve.

16 25 adni. A.. Claudel, 1968 R 42-196 290 Single crystal; high purity; reflectivity spectrum of 15* incident
I., Moalot, C., angle obtained; data extracted from a figure.
and ScrIner, P.

17 25 Hadni, A. et &1. 1968 R 42-600 80 Same as above.

I8 25 Hadni. A. et al. 1968 R 38-195 4.2 Same as above.

t0



C)

TABLE 5S. L LU~iDATA ,. ThE ELCT1YOF PCTASSILM :OLK E

SSV*DATA S ~ 47 ET 1cCJPT.) JItA SET 21rOZNT.) 0;0A SET 2(CONT.b DAT4 SET 3(CuiF.j J..tA SET .(CCT.1

7., .. 5731 4. ? L.:.17 J..613 0.3 b.2C J .'. 141. 6.954.

.3. .2. .. S .. 3 .. t .. 4 -. 2.4 .. ,461 a . 41*,7 .-

~ 3 53 .36 .~'4 .±9± ~ .4.7 .,3 .. 7
C~~~rA~ S4 5 .j .'7 c .2 *J,9 ; j ,7

5 BC? l*. O4.Zi . 79 J.31 .049 4.497 -ii ;..3I V.4 -. 34
5a5 . 2 5. , L.213 1 ±s7 a C

37± ...3E a.. i.241 3I.. .3? O~ SET 4 C..o

6.;3 75 j15i 7 3~ .1Q. .4 L..± 145 3

j..5? 1.Z85 ..128 .:. .. 23 -191 ±., -. ,1

.57 * .j.. 3.3674 0 i 63 .49 4. ..9 2.1. 6- 3

54. e..3 43 .$ 13 L7 197 L : .42 6 2 i.2. .. 27 . 3

es.. ~ . 7,? ."' .64 .. 4.72 3 . .1-21' 1.II .. 8 .

9..9 175 ., .3(9 ^Q76 @.LI 0.1-4 9.1 .132? DAT SET 4.6 ... 03

96.7 ~~~.773 C.4! .132 t..9 6. 313l .1.. t 6.,-9 6.30.g ~ 616 .. 2:

.. ;F4 Jc;S. .24; L5 .3791 6.i . -1, c6. J1

9/4Jil I 9 k Z .L1p422



TABLE 58. EXPERIMENTrAL DATA ON THE REFLECTrII1TY OF POASTILX iODIDE iconrinud)

x x 0 x

j4±f± SET %(CONT.) 0ATA SET Sc(CO T. ~ DATA SET 6 DATA SET 6 t00iT.I DATA SO1 ?(CQNT.3 DATA SrTd CCNT.)
T 1.8

2-.92 L.35 .. 4 .15. L.± .d~a G.189 .3,42.. C.:20

. 15. .2- 2.142 .26 3 . .513 3.211 1.7q 3.22 -d zs .371
..!.8 1. Z -72 .

2  
..2 1 .3 J.534. L. C.n 7.22 i9?? C.IT.. -,?1 3.4%.

u 4? v.;.o 4:2 32:, 5. :.l c 4.79 6.25 ±Ie .. I4 2.310

A b' .23 .o. '.7 Z.ud7 ,.2 L. 73 2c. .7 .~ ..

.. 2~~~~~ 3 .. t2 1.3 e.5. u., ..258 DATA SELAT E 8.c. 3..z%
6.2 2.33 .. 5 .63 3.39 4.. 

3
o .6 a i 77. !5... 3.37C2

L S72 a. 1 2.2±. Z :,E C os37 ZZ .. 217 .So j.
..c; ..:Zs 3.5 .. & Z:6 .L± 663. lie ..2: 11

Z . 4.2. 7 ±3 ... 4;1.6 1 A.'v 4.Z1 0.5dcc 4.1± 3 T.5 ..
Gu.21.zj .8 k Lo41w .2.c L .54 9 ;±.. 1.cn i.. f. a

0.49 A.3 .2±. ±.-2v 63. .3..129 ..2 U.2 .. Z 2s. .,
2.5 ..±!9 ,.219 .5i u .9!.a Z.746 13324 S .2T ;.e DAA .2T6 3a ~ v 5

'2 ,.2 cn 3. ;.a~ se -. 4.8 .'3 ?19 ; 87 .T 4. T1.

L.' 2 .QI j. '! 21 , ~ .83 7 ~ l .3 C., ..E
32 - , .33 .7zt 0.75a99 45 -6 C~1c? c .3 9714.

L..2.4 3. :~ 5 .2 .7797 3 ! .6? .. I . 63 . 3. (. 13 . .1±0

J.8,.. *.. .1 .. ,;., .7toTS . C.:.z ;.. .1
T ' 7 .3± .. 257 . v317q .I7 u .4 08 7 .± z.; T .- 7 2"

o .21'. U0.3660 .. lea 1S1i ..±3 Z54v. ... t5

7 ..i ..39 C.2± Q 3.2 8.3 2 7-3 enL 571 C23

*... ,.31 v. 1 7 .63 .. 9 .b 0.to c. i". isA.-

c.;9 .S 73 .2Z6 u.3 .15j. i11, G.~ U- 67 .c6 L4 1 .173 26 0...Zt
e .. 27. -24 0.2 .8 b c . 3 .11 if,23 .2 . v scc.

e. . Z~j '.E C .142t, .4Z . :.i. - G it

-3. ijv.3Z I 7 .1 2w.1 6 1 -

L/ 3)7 3.2.L c.8 .E 1 8L..a 1 .3'1



T,,sLE 58. EXPE.R IMENTAL ',A, ON mli j.E: -1r.CT 7Y OF POTASSIUM IODIDE cniud

ST174 - I J LA;T2A DA 4OTA SET I IICONT. I 3.TA SCT 14(r014.) OITA SET .SIZJt.i.l u-T. S0 If(izoT.b

i.209 .. 5.65 4.0. 399 0.'. .. ± . (.01 15S. G (.104
C.31. 3.-3L ... Zl? 6.-37 lfl' ;. 176.s .,
1.2:3 2'1 .. 72 C.22? 112. E.485 O'ATA sET is 0Z; ll2.? 6.i4-)

..,1 *e i ;.7. '.250 T iiS.C 0.12; Z.. 333.3 .!i 3

: 36. 4.2..3 - * t99 *. %;: .01 SLT :,
Z.2:3 i.F5. 6 5 - 49. 0. ka3 ua-t56 0.t

9
5 1.233 i. 44i t '44.16

.;"i :1J ATA SET !Z30s:25 .6 -4 W.37
-346 T = ~298. IE

.. Z.3 .i -0.1 ,DTA SiT 14. ... 5 .. 4 9
. 34j. 165 3.-,29 e*'9 u,.1L 1 5 3, Jj.Q 1.058 3..,37

.. ! '.34j. .7 f;..33 C. I .131 4.-,, 1...*

7 .C1 -5.8 3..b8 o..7 .C139 62.5 L. C27 j.16'. Q-~1
-. 4.3 4,?.8 2b j 9I J.t1 3.. 75 L .s u o3.2 ( .43. .... l 1.3.

.13 ...33 N.l 232 2.i72 i.66 .,I?? C.146 64.9 2.03' 0.1262 C-32
,.tb 2 2 .. 32'. j .;,I. i~66 .1, .48 63.7 ~ 3 ~ o .4

.c.1;517 51 *.'o 3 6.136 07.1 C. C.3 -. 07 .- 32
-.Z 23 1, .173 4.)164 ~ 2.~~ .t

Z3 ... 7 - 34 G 1a 6 1.69j 72.9 C. CAL ~ .7
a 1i w.; ***@3 h.&57 .. 132 0. ? 4 1.147 (1.1:74 74.6 i 9 0.57 ;.2

2-- .4 .2 -3 0..32 J.184 4.185 3.a C8 (.164 75.7 '.139 .275i ..
4.2ei ' J .. e~ 36a ;6 1.186 jh.cl 8 l9 w .187 70.9 .176 U.079 4...4

2?ZZ ..ilb .. Z..6 l.86 0.186 .L .i 1. L83 83.t 6.413 .tUde . Q.
k, Z . ,3.. LA.193 ( 9 .169 81.3 U.55.643 ... s

_22) ;.3Z -TA S 71 191 3. 18s ..193 a.6 ::3 .8,..do 4.:31
. .3 e 3,is- 3.:9. 2.n9 ...9U. L.113 65..: . 6165 Q.S 0.2t
23. j.19i L. ic ;.:g 98 1.1.1 88 .4 C..t4 6.J931 c.3 33

.2 3c .7 63.3 1.,2'. 2.197 v...1 2.211 3. 95 92.0 0.1(8? .0g. .;s
..33 -12 07.4 j.1125 9.L .t .8 2.9 0.696 88 .3

.. 23, .. ;23 72?. 0 ..L.t31 3 .19 3 .1(4 0.2(4 6.61 93.. 4-673 a.Z G ~.l5 I
4*735 .. 1i9 75. 3 4.11S ; 1.211 C.i1l1 u.-t7 lCss 9C.1 C. C61 .. 1.? 6...6

.2. L..e9 77.2 1.,-d5 6.24-4 a. 1L3 1.( .48, 993.4 .. .. 1:3 ?.a
.. 4i 2.-. 61 .65.0 4.1 4.1 .c1 C . 'su -:. ~6 .5 . .66?
L,.4 ~.;; 3.1! .. 732 3.2.9 0.i5. 6.215. 4. .. 134.51 0.36w. Lis3 L.&33
..25. 4.a 9.? 7 .768 a 2.2a L 0.157 .22 (.(? ±0 18.6 (1. i95 .. 1.1 J.661
J2453 .11 92.2 (.746 0.231 2.12? .c1 (.173 L13.6 6.Zsw 0.155 0.15

91.5 ; o.74 t "..233 G.112 2.2:6 6. 464 119.4 U.t1 il7 .10 !o. 2.. 66
9j. .. 1.24.j J.120 .2i8 ,6.L57 125.41 .19. 4.169 (..!i8



TABLE 58. EXPER!MK7.'AL DATA ON THE 8.EFLECTIVITY OF POTASS:M IODIDE (coat iue±)

DATA SET 3.(Z . IA1A SET .:7(C .4T.) I ATA SET 2.64COMT.)

4 .. i j.ei7 Is.. 0.152
G.Lq7 '..13 b4..5 4..Cjs

- .,3 .. 21 7 . ...

;.li 3 4 N3 .764

7 . .2 : 1 -1 .9

.. V..i .. 62 go.

.TL7 SETT !a

-.. 7 T z-

7j.; .. 6. I.L ,

?? 2 C .;.31 5.; .~." C
81."b. .. 45 57.S Q.

76.?6 .,.78

DATA SET 17 C83.3 ) 81 v

T 34... 4-.3 -S.

67.7 4.75
L.1 . 3 9C. U.57

L- ..- '3. .8

54.3 ..iz s~al
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Figure 38. Transmission of Potassium Iodide
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TABLE 59. SUID.ARY OF MFASURE NETS ON THE TRANSMISSION OF POTASSIUM IODIDE

eData Ref Method Wavelength Temperature.
Ses No. Used Range. pm K
So. N.

1 i58 McCarthy, D.E. 1968 T 0.233-3.03 298 Single crystal; obtained from Harshaw Chmscal Co.; 4.3 om thick;
transmission measured; data extracted from a figure.

,~



TAR ~. ~3I7A !. ;.-.\ ol T,!-- TRANSMISSION4 ?ASSIY. IODIDE

Nele-gth. x, m; Te;rature, T, KT; ra~sion, T)

3;.TA -,-T

2- .:Sr

tV



TABLE 61. PEAK POSITIONS (Xmax) IN pm AND HALF-WIDTHS (W) IN eV FOR THE F, R, M, AND N

ABSORPTION BANDS IN POiASSIUM IODIDE*

Interionic F band Ri band Rz band M band N bands
dist., d Temp. X W X X X

(A) max max max max kmax

3.53 RT (0.718)#  (0.834) (0.902) (1.000)
0.685 0.34
0.689 0.35
0.692 0.41
0.695

NT 0.661 0.19

0.663 0.21
0.664 0.22

0.673 0.26
0.675
0.676

HT 0.659 0.14 0.810 0.905 1.010
0.666 0.18

0.674

* Values were taken from Ref. [69).

Values given in parentheses are calculated from the Ivey relations [70].

F band A - 703 d' 8 for NaCl structure, A - 251 d 
2 "5 

:jr CsC1 structure.
max max

R band X - 816 d'.4
max

R band X - 884 d"9
max

M band - 1400 d"
'6

max

/
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TABLE 62. RECOMMENDED VALUES ON ABSORPTION COEFFICIENT OF
POTASSIUM IODIDE IN IR REGION AT 300 K

Absorption Coefficient, cm-'

v, cm', j Observedtf
Intrinsic* (Selected)

2.OOOE+02 50.0 1.4E+l

2.440E+02 41.0 4.1E+0 3.69+0

2.490E+02 40.2 3.5E+0 2-7E+O

2.640E4-02 37.9 2.3E+0 2.4E+O

2.690E+02 37.2 2.OE+O 1.8E+O

2.830E+02 35.3 1.3E+0 1.2E+O

2.900E+02 34.5 l.lE+O 9.8E-I

3.030E+02 33.0 7.6E-1 7.8E-1

3.070E+02 32.6 6.8E-1 6.2E-1

3.240E+02 30.9 4.2E-1 4.9E-l

3.320E+402 30.1 3.3E-1 3.5E-1

3.420E+02 29.2 2.5E-1 2.6E-1

3.540E+02 28.2 1.7E-1 2.2E-1

3.630E+02 27.5 1.3E-1 1.6E-1

3.730E+02 26.8 l.OE-1 1.2E-1

3.830E+02 26.1 7.8E-2 5.7E-2

3.930E+02 25.4 5.8E-2 5.4E-2

4.020E+02 24.9 4.5E-2 4.3E-2

4.120E+02 24.3 3.4E-2 2.9E-2

4.220E+402 23.7 2.5E-2 2.2E-2
4.320E+02 23.1 1.9E-2 1.5E-2

4.410E+02 22.7 1.SE-2 1.3E-2

4.510E+02 22.2 l.IE-2 1.OE-2

4.580E+02 21.8 9.2E-3 7.5E-3

4.680E+02 21.4 6.9E-3 6.7E-3

4.830E+02 20.7 4.5E-3 6.OE-3

4.950E4-02 20.2 3.2E-3 4.5E-3

5.OOOE+02 20.0 2.7E-3
6.OOOE+02 16.7 1.6E-4

7.OOOE+02 14.3 9.3E-6

8.OOOE+02 12.5 5.4E-7

9.OOOE+02 11.1 3.1E-8

9.434E+02 10.6 9.1E-9

1.OOOE+03 10.0 1.8E-9

*Intrinsic values were calculated according to Eq. (38)

with uncertainties about ±102.

Values in this column are the total absorption coefficient

which are either lowest reported or those used to define

the constants in Eq. (38). Uncertqinties uf these values

are about ±101. Values lower than I.0E-3 carry higher

uncertainties up to ±30%.

* ~r
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3.7. Cesium 1-dide, Csl

Early measurevents on the refractive index of CsI were made by Sprockhoff

[1401 in 1904, using a minimum deviation method for three visible spectral

lines, 0.486, 0.589, and 0.656 pm. These three values were the only available

data for about 50 years. The main reason for such a long period of inactivity

was the difficulty in growing adequate CsI crystals. Large and good quality

crystals, suitable for optical components, were not available; also, the need

fot infrared transparency was not generally felt.

It was not until 1955 that the refractive index for a wide range of

transmission (0.129 t-: 53 Wm) was measured by Rodney [1511 on several cesium

iodide samples grown by the Harshaw Chemical Company. The temperature coef-

ficients of the refractive index were determined for each wavelength and all

data were reduced to 297 K. Rodney adopted a dispersion equation of the Sellmeier

type, simplified to five terms, to fit the reduced data.

In the ultriviolet region, 0.20-0.25 Wm, Lamatsch et al. [1521 derived

th2 refractive indices from information on the transmission and reflection

spectra. Since they used vacuum-evaporated thin film samples, the wavelengths

of the two absorption bands obtained are higher than that of the bulk material.

The large discrepancies between this set of data and that calculated from Rodney's

work are to be expected.

Values of the refractive index beyond the transparent region, in the infrared,

were obtained by Vergnat et al. [261 in 1969, by analyzing the reflection spec-

trum. They found that the wavelengths of infrared absorption bands are 117.65

and 161.29 pm at room temperature. One of the two is in close agreement with

that of Rodney, which predominantly contributes to the absorption. Li [33]

reduced the experimental data then available to a common temperature of 293 K

and after careful analysis, generated a Sellmeier type formula representing

the refractive index of Csl at 293 K in the spectral region between 0.25 and

67 pm,

n- 1.27587 + 0.68689 A2 + 0.26090 X' + 0.06256 A2 + 0.06527 A2

X
2
-(0.130)2 X2-(0.147)2 X

2
-(O. 163)2 X2-(0.177)2

+ 0.14991 + 0.51818 + 0.01918 + 3.38229 (39)
X2 _(0.185)1 X2-(0.206)2  X2-(0.218) 2  X2-(161.29)2

where A is in units of pm.

________ 4



216

Available da'a on the absorption coefficient, reflectivity, and transmission

of CsT compiled in the present work are given in Tables 6? to 70 and are plotted

in Figures 39 to 44. Investigations of absorption coefficient for practical

applications are generally classified into three spectral regions: the ultra-

violet and infrared absorption edges, and the transparent regions. In the

case of CsI, available data in these regions are very limited. In the ultra-

violet absorption edge region, Philipp and Taft [153] reported their absorption

measurements for evaporated films of CsI. Their results were in reasonable

agreement with earlier observation of Hilsch and Pohl [19] and Schneider and

O'Rryan 1201. Lamatsch et al. 1152) measured absorption coefficient for CsI

film in the excitonic region, their results in the absorption edge were in

concordance with those of Philipp and Taft [153].

In the multiphonon absorption region, Beairsto and Eldridge [154] determined

absorption coefficient for CsI by measuring the transmission of samples of

various thicknesses using a Fourier spectrophotometer. They found that the

most reliable values of the absorption coefficient, O, were obtained when the

thickness of the sample, d, was such that ad - 1.0. As CsI does not cleave,

the samples were cut with a wire saw and then carefully polished. With appro-

priate care, they found that the samples, stored over long periods, showed I
little deterioration.

As shown in Figures 39 to 44, the optical properties of Csl behave similarly

as the other members of alkali ahlides. Although it is clearly suggested that

in both of the absorption edges the exponential dependence of the absorption

coefficient on frequency should hold, data at hand are insufficient to define

unique solutions. As a result, it is not feasible to report recommended values,

and only measurement information and original data are presented here in Tables

63 to 71.

.4



10 6

10

Uo o
C: 3

0

10

0.

o. I

0 10

100

i0-I

10- 2  
-- --j-l- I I I ----- 1 I ---- 1 .- 1111 1 , I

10 10 io 10 10

Wavenumber, c*-'

Figure 39. Absorption Coefficient of Cesium Iodide (Wavenumber Dependence)

t .,

(It



218

Data
Set No. Symbol T,K Ref.

10
5 a) 470 [1531
6 0 300 [1531
7 A 180 [1531
8 + 80 [153]

12 X 300 [152]
13 0 77 [152114 + 300 [1571
15 x 25 [157]

10

E

0

"4

1,0

310

io 2  
I___ __ _ __ __ _ __ __ _I I

350o 37500 40000 42500 45000 47500 50oo

Wavenumber, cm
-1

Figure 40. Absorption Coefficient of Cesium Iodide in the Urbach Tail Region
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I I I I I I

10 2 Data

Set No. Symbol T,K Ref.

1 C3 12 [154]
2 o 77 [154]
3 A 300 [1541

10

-'-4

U 100

10- 1

i0 2 I I I I I I I I

0 100 110 120 130 140 150 160 170 180 190 200 210

Wavenumber, cm
-I1

Figure 41. Absorption Coefficient of Cesium Iodide in the Multiphonon Region
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1 L 3. Si:!' >Y Uk Y'A~~IS 0. ::!. ALkSwK10X ION U'C1 01~."O CeL'X ]OD I I)- (V J" p.ir nd.'!i(

Set ut~tte Yer Uehd Cxa er Temperature S> ia srdl ik
-t Range, Y,

1 154 tents -to, 3 A. B. and 1973 T 3. 79x10'-I .49ciG' 12 S ingl Ie - Y ,t:al ; p,31 it s" c i-ImI k f .recer thikc vs;
t Jr ol e . 3.E. usechanically air! cicallp puli isd ; transmiltn-e lpectra

obtained 4-.J absurotioo xeeffic-:.ts deuec-; abvorptran-
coeffiri,,ot Sara extracted (tax. a ilgure.

2 154 Bxolrsto. S.A.B. and 1973 T 1.5.10O-1.7.10' 77 lame as above except at a higher temperature.
Eiltidge. S.E.

3 154 Rvairstu. J.A.6. and. 1973 1 1.5.10'-2.0.102 300 Some as aiove except at a higher tea7peratuire.
tldridj e. I.E.

4 i1'5 '1 I E.-N., 1974 T 3.8.104.2.10" 300 Single crystnl; grown in e-vacuanted quartz viajls by to.
Neklycduv, 1.11., and Stoelbarger metLhod from reir of pore salts; 2.5 x 3 x S m
Ponova, A.sM, specimen; mcaoiicaillp greind and chemically polished; an-

neailed for siA hrours at 773.15 K; absorption-coefficient data
token from a figre.

5 53 phiil~np. H. and 1956 R 4.03.10'-5.4.10' 470 ?ure Csl; obtaioed from the Fairoaunt Ch.nieal Cu.; timi fit-
Ti:c. g. specimens evaporated onto a -~plire substrate; ..kvocption

coclficiemts meaxarcr±; data extracted from a I ititce.

6 153 Pil 11pp. H. and 1956 R 4.1.10'-5.4.10' 300 Similar to .'euve exeept at a lower temperature.
Taft, K.

7 253, P 'i:ip H. and 1956 R 4.3x10'-5.4x10" 180 Similar to above except a: a lower ter.pcratuce.

9 153 Philipp, H. and 1956 8 4.0x10'-5.4.30' 80 Similar to above except at a lower tomporature.
Taft, E.

9 156 ON-rev, E.M. 1967 T 1. SsIO'-2.1islO' 293 Single crystal; plane-p-irallcl plate or disk s;pecimens of 50-
80 elm an:er rd vairlous trirkncs; aoe absorption
errffieieoits dets-e.ined from the s..asurrd viliren of tra-.-
m~ission fin the absence of internal interference; d.ta cs:
trarted from a figure.

to 156 ine.f.M. 1967 K 7.27-20.8 293 S.Ine as above.

11 IS(, Dianum. E.M. 1967 8 7.25-20.8 Is Similar to :11roVe excpt at a lewr- t teperature.

12 152 11x txlI., 1972 z. 4 .fls105.0.10' 300 Thin fi 'm -pcia .evper ed pa ue~r.asilIerr- al-itra ;t;
Ro e". S., andl absor-tin eoefficirrts dcdrred from troosri Ixcon and re-
S; rer, E. flect eity ne-sure-meots; riara extracted from a figure.

13 152 L.atsclr, if., et al. 1972 z. 4..10'-5~.0.10" 77 S.-ias arove except at a lower trr-;reratntre.



TABLE 63. SU!L'TRY OF MEJASURE CENTS ON THE ABSORPTION COEFFICIENT OF CES1!., IODIDE (.ivaunber Dependence) (continued)

D.ta Wavenumber cerueSpiiatosadR:,k

Set Year Method TemperatureNo. Re. Used~s Y a Ran ge Rnge, KSpecifications and Re- rk

1o . SaidR,,ge, K

1. 157 Said K.I. and 1977 9 4.3xl0O-9.2x10' 300 Crystal; -,echanlcally polished in mineraI oil the rir.sei and
Creen, GW, kept at 10

"  
Torr; annealed at 400 K for sevaral curs befre

measurenent; reflection spectrum taken anI y'ci by t:e

Kramers-Kronig relation to obtain absorption coficenjts;
data extracted from a figure.

15 157 Said, K.I. and 1977 R 4.4xlO'-9.2x10' 25 Same as above.
Green, G.W.

16 108 D,!-onv, E.M. and 1966 T 5 298 Natural crystal; plate spcc':en of 3.5 and 22 om titick;
Irisova, N.A. absorption coefficieut detr=i.-d from . is' n :..re-

ment; data extracted from a table.

Nr

I

/.



TABLE 64. Y'XPERZN!ENTAL- DATA ON Th4E A3SflRNP7!0* COITYICIENt OF CiuS1'2: trDIDE CW~venumber Depeti4ence)

[W~vt,umtber , v , cm 2 Ter"er.ture , T. K; Abcorprion C-f f icent a', cmf'

a , V I a v av

TAT: E AASE (oh DATA SzVT ZACCT.) DAASET 3 DATA Sc1 DATN.) QA SET 4.

I zIZ.u t Ju.

1.3;'. 2.' 5 ;L *.Sa.c 4.56Ef1l k. I5Q6.<' 5.7 . 1- I.5622 - t. 1bEZ b. 76LE* .. 6t*l2'''

:.-372 4 .46* c2 1.15E- '*.2 a '7 6'. .9.36.2 4. V.-I A.J *2.94' .. 156*2 .2.5'
1..7,sc 2. *cs.4' .- l ;X. 135- #2 6457e#'. 1.?6~tz 3.393E-.l ".~i* 1.25'3f. +1,t.J 1.126

1-2 2 -1* - .. 2. 2l49t2. j..," *2 5.7 ioE-1 1. 1-* 5.75..I I.21* -.. 5* 4.1537:.2 :. .t

2.fE&33.. 2.vIZ -I u.o.6*I-. Z.4&* 8..-. 39.E-1 I 2 t.5.. 1..1&4 . *..S.*J
..346.9...i X. iATA St 2 '8. * 7.t56+t L.5...t*A 5.3336-1 1 -.4&42 1.47i- -2 4-.3%.; .tA,'

L .3'4 5.23 J 71- 1l1.23i - ?. j2E *2 9.763E± ±.S2 1 2 .. 67E- 1ji45-.2 X.5..Pi:L *..'s t.41rt..o.

$.11 7 .?..z . .cL2335'a.3b...u.3.6ki 2 I752,12# 8.5.26E-1 1.4570.2 2.T..'. .%3* .4.'
'.Z 74'- 6. .t7c' 3.T SO ,- 2.66. 1.696E'Z 6.,5* 1. .4986*5 9..916'i 3.69-3L#, .eC t.5.G

! ' . I-.& !.4E- T 2 77.w~. 9.d,.E'1 2.77'26. 1126.21.81* 5.5I2*Ji 1.9.42:*4 3.olt .25.6*

297-~~~+ i2~ * .SA .. 62 .7* .355(44 I.5..22i9L~ 9. S~t; t.363t*-Z 393 4. 85I- .3-

.. 'i- 'c2. 
5
3.t* .576%- 5.2112.q6't- 2.56* .64546* ..SL'216 .J. d46;L .61..

9.,4 ~~a; 5.1*1 1..356*2 i.5732E2 1.l 6,3+ *.caA6-*1 6..2a.'4 3.9tA z:+1a s;E
:.5 ;,,.....2 . jlf 5.34'M i.465i6*1 1 .716L 2 4.'69E* 1.UU ..2

2
I* 5.246E*1 3.34* .z

a~l i.V 7-t, ;... l4+2 -Z 5.~ 5.83t*1. i.305Ef 1 .502 '..5760~ 54212*1 .5?133w.*.o~i-...
2. Z4-* .. *. ;..4*2 6.±i2L's- 5.Z*tl11 1. .6ilc.+2 Z.zist-E'a 4.2,36. 4.1832*1 5.46tZ. 24I.E.*S

Z?.2ca..*.. o I~~t* 1.o,-2 1 .3I5-tL-1 5.b0L4*! I.33 tlet5..2 a. c3-*fl 4..16L *1 3.8.:* 7)L.6* #.2e.

2.2276*2 5,1;,6*. ±.331,I ..3.. 4.62,7 8.25Z 4.6* .69E6*4 i.361 .46Ec*1 T5-43..37**

6.AVA .. 16 1 .. !%+42 2.5516A- 3.81' 6.3aE*C i.U3tE#Z 1.,866*G 3.5.44*j 2.5?l*1 5.t+; 3?a*
1.24 6.3A.4* 1.cl-t.2 i. Z2tcJ 4.634,2*:* 5.c436(l 1.1116*t 2 d. lz161. J4 ~i ~ 2.1 3 +1 5.25~t', 3.5116*S

h .522i2i 1.3054*2 ..bLk!9.3 4.*14636*0 1..3..2 1..LuL*1d 2. .!44*2. J.78 * i.4. L .1 Z.tFL
o..** . Z #.. 1.c3t#z.Z 549S~* 3.1.0 a.2I6SE +1 6..65L+2 6.457E&4 Z3. *:# i.5:16 *I i.1,a4f .?U ...

t.17.;'A3.622'. .Zbc* 465446* 4. L6E-1 37-?iE*0 1.3.t 25.* Z6z* 1.7 %'*t 5...6va c.Ii

,.iu:;3.36* l.c.t.*2 3-.6t-L* 2.6366*1 3.1426'g J.55, 1...45t* Z..J 12592#1 3.25..*.- 2.2311*
o.. .1 c.Si,6f . .2 4 4' 2 ;.,b-J 3. 431.6+1 4 .68932E+0 2.2.16t2 1 . L5661 2 .51* 1.42t4*18 ti i . . .t .c.t6ti

E.17.-# .b:b. ... c.h. +.3t' ..63 2 .. 9E1* 2.3!~G 36' .,6#*Z 1. .'Z9*0- 2 .iC4.1 9.1. .j t*.. BW 3 . *5
17 J 1 Z.* ,. 1. 4 36*j2 1.596 2.60*1 Z.162L * .Z,)69 L+2 1.3% 5t *L 2.J. . t# 8.5116 3#. .. 5Zi6 2.23GE05

*7*;*f .~42i5.1 1.43L6*1 i..7381C'6 z7E~ 1.2 2.866*1 2.531 ?.?9* 2.13* '. E'S

.72. Ie21*, i.2 ;6*+ 2.394t*1 1.65LU*1 1.44-3f.0 1 .215-6*2 3. 548E.1 1 .67,]c.1 5.888E.5 .863.1* 2. 7.wi 5
3 5. 4-l L.9 90,2 2 .5 6L*1 1.5u06*1 I.2I21* 149j;'2 16.1 69k*1 1.336* 4. 7666,*. 4.8Ul6t, Z.7221'S

5.2d.- 1 6. c16L E- 692* J-.67; # 1.1886*2 5.u.6* %.623.. 6a*
i..... 46.1.8122 .1o6* 1.1790*2 5.d886* 4.u77r *4 ..J54'5



TABLE 64. EXPERLMENTAL DATA ON THE ABSORPI'TON COEFFICIENT OF CESIUM IODIDE (Wevenumber Dependence) (continued)

aV av a v a

J41A LET S(CY4Td) 2.15 SET 6 (C(NT .I DATA SET I (CO'&T DATA SET 8OCONT.) DAIA St 9 DATA AiX ictCC~t.I

... r..±.7L5 .o3,. i.!Ci*5 4.d~oE'4 3.350545 4.935E,4 i.566E*5 O.pgbt'j 5 .-13cE-i
.ab;i4. .3..E.5 -,c21E'4 L.JAO E*05 4. 71958 4 2.8a6-G054-5 4. 919jt .. x.STLE* 2 .56 E+ , 9.745c. 1.i57t5', 3.648E-1

4. j-:' .5...:4 %..ic;.c .OAL*5 .73.it L..S2E 5 .. Silj' . 2.SaZ E*5 j.boSi 1 6.9365- #,. DATA 4ET 1

4 3 5 2 5S 4.7.E.4 2..:5.L - i 4.Ldt 1.316E+5 4. aiit4 3 .994;E.51-*5.ra

.~T '..H.. .2~. .n-E' L13i5 4.JE .. 36,it5 DATA Sc? IC*i~i 5.25*5tl
~.:4 .'o~ 56.c5 .bli~1.3725*5 .3u 4 .3iL.5 I =

2 3
3.Li ..5 ;L4. .5'nE~i

- . ~ ..*. ~ .Sdt4i...,t .3?E~t i..59JE5 4.823E#'. $.oick*S ,.t ...SG.-S

4. 31 5L *v b. d-E6 4...35j*64 . o...E.05 1.63i' 2SE#5 4. ?36E#, 2. 94LF 5 ?.27ti'5 9. 36i.-'# 4. *I.Lw. @.j.E

-234 *. 5S .) .-E4,4 .SiSt. . 6.3V it. '..b.iz*' 2.743E.5 4.79CE*4 £.Atg.
5
e

5  
i.iE-t 6.01-4' ,. aLiz. 7., 74 * ,

4.CE'.3.3ZL 4 5.7L*.S .n-t. 4..5475.4 3.3205.5 4. ?1L-c4 2.AG;t.'5 7.ot' .6act 4..lSt.:'

.4 4.* 3, 6Lt4 ,. i4 3.1c t4 4. 58, E 3.5-CE'+5 6.7etEt4 L. i*q5 L.VtcI i5 7,c'. w.T:*. .
'1 .. te. 4..sc4.L.j* .573E. 3 .S4. E4 4.255C*, S.3.6Lv4' 1 L.5'jjE~i .- 3 c*. a..A 7E~. -

%*.;.)L +4 .14t4 4. 54.6-z' 2. 8-0E5 4.?;E-4 J.vli'5 1.Ib5i'1 4.5555. 009.4.L'.4

- 6.::' b.5..EtI ,.i4.c.', 2.47;Ei-: 4.?CE'4 I.t.i' .LiA 55.5. .on' 3n
1n3.3- 4.5320*4 t.SSL&'5 4.7.eE'. 5.5555*5 1.201 3.37A 4..zSC. 3*5 s

DATA SET 7 - 'ibE +4 1i..5~jSE5 4.t115*4 Z. Ji.E'd L. &ii-L J. 45c . S.,,* .4ZfE-5
7 .* 3, . .6.. d- 43.IjC;A4 

4
.0:54t#4 Z.!605.5 1.3A9t-j 2.9srct. ,.,3.*. i.

4?* -3 4.4..,jZE". 1...054 4.4 .55... 4.,I cAS L ?Dc2 .7tittE5 4.19' i&9Ec65

I..J* L.~'* -5:5 .'u4. k,. .C 4.td95#. 4.a5,E0S 9. St2 t'* 2.5255'. *.i E'. %Af

A - - * 3 .. c4. n.'J' a.?A. .3?5i 2.6(05.4 4.c2hi*4 4..J14i#5 8.St'.* Z.L I5 .d:
4

E -.2S

5.- *4 5 3.45*z 4 Z.7 dt5 4.5916". Z-2.624* 7.2?3E'a 1.5'5E'. ZS.4L*
4 

1 .a .c*s

4., &5 '.. LolcEt4 2 .Sijct*+ DATA SET & 4.597E.'4 2..2t> ... ESCnt. ec. z565+4

4. 7, * 5 '. . al'. ~4 a . 35g t T a 4J.. 4.5St'' j.4 5* DATA SE1 it .o'4 4. 60, 4
-.Th '.Zi~- 5 5.~5' 215' 4.5735' c* i* T * 1.3 4.3jZZ3 4 3. 5? .4

-97.eS . 1.4-+ hitS 3305' 3..cOE.5 4.51oc.4. Z..5" 4~?.t i.16' *,S:2.,5*

.. Zt' .1c5 4. 96 4 : 2.w9.i'+ 5.22'3 . 455 4.3555'. 2.c.54 35664 o.3sli'. EDATA SET 13

4. .n t. 3.12..Z55 ,.97c44 1.944 5 5 .j.9E''% .24C #5 4. 42 I6*4'. i4 C E -4 1 E 9..3+'1 i.5910. T* .

..S:. .fvS 43l.42.0i-5' 5..735'4 2.Z;.E.t* 4.94c*4, 1..LAt" X '.bi'L 1.3. JAT SE 1

* .2i . '.,Z#' ..S3&'4 3.*351'S S.49E4 2.5n;E+S 4.ZA".# 3.45C463 1.0996'2 . .790-. ..4u 451

.. 3 ' & s' .8zS:'4 3.6&5; i '..9 441*'. .54Q5*5 &9.,32E'4 3..'.k413. '..b oc* 5. 3 5

3.bUOS . 98E+A I sb E &S 3 af-I 7 L ? -! S

.. 3ZQ$43.6iE~i 4. 92r-4 1.40EI, 9q%3#.a .44f.N
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TABLE 64. EXEBIMZNTAL DATA ON 14E ABSORPTION COEFFICIENT OF CESIUM IODIZ-E (Wavenumber Dependence) (,ontinued)

*-T xE i1ad,..) JATA StT :.(OtT.) DATA SET 14(CCDNT.) DA.TA SET I(CONT.i DATA SET 15(CZ;4E.I 3818 SET 15(CC'T.I

..o *.9. 3.1Z.5 6.36!E-4 .34.5E+5 5. 5o.E . .7 39245 S. jSlt -4 1-233046 .13..*4 6. 4 Nk, 'nrioi* .. .02% 5
4.B. . *514a*$ 8.?3,4+ 4.S'.2tti 5.527E.'4 7.917245S ?.919E+4 1.coiU'6 6.3.I 4 ..,1.6 .. ?ni'.iii

n.3., ti 3.Jin *5 8.S3.C'. 4.bb..n&i 5..9jE-. 7.'.6$2*S P.6636.. I.5CGE#6 6.78 3.5b~z,! -..?C.6. ;.111L65
L..%h2E-- *. 5.V,.-+ .3.4 5..A.2t5 1 %4E-4 7.19ZE*5 7..5:W2E*, I.598646 Z.on . !.d.. 80Et*. 3. -2- -5

i 0. o32;:*i S. 3.32.'4 5.i57Jj45 7 .70 c.'. 1.044,+6 5.cSu*. 3. 3h,., ;L 5. 5, r
4

o.7- i. 4. + c. * ji 7 54 9. 593.*, 5 .23,E 04 2.971E#5 7.6.;t4 -... 56E*6 S.d4!7-.. S.,:..n:.> . .z %2E*.1. - *;Eo
..75 . !.73Et45 7 .665.+4 8 .815L t*3 S. ItbE.. 2.03'.2t5 7.ioiEc4 1. 336i24. l.?bM*4 6.SCb,.5 1.O. .a...LS

.,7 *. d- ,.553Et5 7. :.., . 6 .7782*5 5...996*' 2 .3 5 E5 7.4.73E#4. 1.e.41 4+6 5 ..#,4 1. 10SQ.- .. a17w*. 1.Si.c.*6
4.7 e. *j.- 7.S?72!.Z. 86. 912 E +5 5. C. L +. 2.3.32'S 7.38.JE.4 i.17'.isb 5 .72 2 L*- 1. 3 o-E* 0 b .6. ,. . !1. :?92U*6

.71--*. '. '-..E 45 7.3J3.-- +4 9. 26:2S '..53±E*' 2. t9E .8 7.3.5E... 1.a6E.6 5.6E65:.' -4 '.En* 6 ... L 1. 3d ..2*
.3,6. 7 .1 o' +. .Q-95cit5 ..69cE... !.2582. .21'.123 5.62k.t'. 1.7572* .:.z.1:a*

7.Vn4b. 17 44 7...3c44 9. d.5~t5 4.8535r +4 ..143445 7.E4 9.i75E*5 5 . 73 - . 1.347 - # 
4
..c12 . .4)4

C , * + * .-. 0.17.--4+ 1 . ti5 t o -O.01624 4.5332,5 ? .±34E #. 9. . 15E,5 5.55ic... 1. Z!.Jc't 0..
3
Z f. S. "32.5

. 2 +*. o.S,'t~ f, 6.4c;. 1 .c .t466 4..744E-.. 2 .64245 6.971 E . 6.68 3E#5 5 . S.11.4 8. 1.02-.5 .. 024t~. 3. itL*5
*.3-*.+4 9.j..3C5 o.7.iL4 1...57t+6 4.o7-6E44 1.669* 6.. 559E*4 1.226416 5..azz.4 2.2,, .6*. bl# 1.7382'

-. 3 9, .* " 7.7 .5 64-*4. L -57t-6 4.5b96244 I..492.5 5.63L,.. :.Z57E*b 5.-604. 9..32L #i .. 639L..i.3S E3

.. 3-: 4 exc, o334 1.26 *cb 4.3.2t4 5181E-4* 6.563t*+. i..5.E*6 i-..)Z.4 S.j.Z1c*S24

7-77i-5 4. '33'-.4 .167E9L6 4.55E' .3(4 .24 1.44E5.35%to 5.?3824 *3.052z4 AASY
-5 i 7 *. oi3.4 1 a 4.356E4.. 2-755E+5 6.'68.(E.# 9.5742,56 5. z.3252t, 2.25,4 7 &Z 29 . 1i

t. .O)4 .32367 DATA8ET4 2.35 6.598E4 :...9i2*5 5.L.33114. .. 577c.5 S.v...2' 1.6e.2
d.o e- 7L t 2. o.. I *. Io.2b7;4 + 7 25.641.02# 6.356.L -4 1..??c..c .. 34, .Scs

4. '. t 14. 1.,,9..*'5 6.2h75c:+4 c.3.,.+ 8..962*4 7.8.5624 6.53824 1.c21246 4 . 318.4 3.378,.b OAA tT1

..,~4 .3523 0.-34E#. 1.25;2L~ 8.632:.4 7.%42E+ 2324 1.1.%L'S 4.32504 2.. 
2

4
-..

2
*.s.3k*S 3.4k'. .c1L* 8.5i3 E.9. 6.2 4 t + ;. .. 6 4.78316t. 4. 5.221r..5

:3S .LSl b.d102a'4 5 .. 67E+5 DATA..SET 112 6.-262.- 9.a8e.5 ..731.2. 6.4Z

-4r c2 Z. 5sc .. 52z' #:.695 8.325 -Z6.2+i 6.2.'.2*. I. 1436 4.79se.4 5.3t% 1. 5;.+
T. -s . 733L- 6.5... 5 .1.-4 8.(..* 8364 8.62)o46 6.3!?,". 4.1t. . .562' 5.99.E.6t

3 # .71:3 o..5..4 9.2852. 5 8.16:2. 4 7.599E-5 6.169244 1.236.6 4.1562.4 t.267co

9.82. '.5t 5.71k.+ 9.o11245 8.236L4 1.82)t46 6.k04'.# 6.692245 4.7562.4 5.99.E+5

I,0%; .8ES 8j' -4:.6Eb 61i* .OZ* .76# .5Et

- .5?- 5.19* 9.LE, /.E*L.8E6 6;TEb62# .5E450C
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1 i i i

Data
Set No. Symbol V, cm

-  
Ref.

10 1 M 2.041E+l [156]

2 0 1.333E+l [156]

3 A 9.901E+O [156]
4 + 5.OOOE+O [156]

0

U

4 +

0 to-

t0 10 2 I0

Temperature, K

Figure 42. Absorption Coefficient of Cesium Iodide (Temperature Dependence)
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- S'd CRange,

1 I56 1nv, E. M. 1967 T 20.41 78-292 Sinle cry t., pI PI -p.,r a 1 I patt, or I tP;.nx of j,2-)
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oto; data s.tracted frm a firurC.

3 156 Di.,ao. . 1967 T 13.33 73-292 SQc as above v:cept for a longr ,,v-tI.

3 D iU cv. F.M. 1967 T 99 78-387 Same as above excvpt for a !oneer w.ivelcn,-th.

4 156 D.ov, .M. 1967 " 5 78-386 Same as above except for a longur waveltngth.
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TABLE 66. EXPERIMENTAL DATA ON I ABSORPTION COEFFICIENT OF CESIUM IODIDE (Temperature Dependence)

lWavenumber. v. cm-; Temperature, T, K; Absorption Coefficient, a, cm
-
n]

Q

DATA SET I

77.7 2,..L

zs'.. i.7.sth

i. TA 551 le

7&.7 b96i

77.1t

Ni

(i
2-

JEC.? .324c-
38S. ~ ~ a,.4 3-



.0 - V v- ; -T- - --- r-v-~r~ -T 7-1TTTT -- T----r I TT - ---- 1 -

Data
Set No. Symbol T,K Ref.

0.8 1 c) 300 11541
2 0 298 [541
3 A 298 [84]
4 + 77 [1521
5 X 290 [26]
6 4 80 [26]

7 + 4.2 [26]
0.6

0.4

0.2

0.0

01 to 1 10 2o
3

Wavelength, Om

Figure 43. Reflectivity of Cesium Iodide
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TABLE 67. SC'1ZARY OF HEASURV'LN7S ON THE REFLECTIVITY OF CESIUM IODIDE

Data Ref. Author(s) Year Method Wavelength Temperature. SpecflcJ;ioc and E'ns

No . No. Used Range. b K

1 154 Bealisto, J.A.B. and 1973 R 67.2-236.4 300 Sia~gle crystal; spucimcn with surface polished mechanically and then
Eldridge, J.E. chemically; refleetivicy measured; data extracted fro= a figure.

2 54 McCarthy, D.E. 1963 R 2.10-20.0 298 Synthetic crystal (1 cm thick); polished to flatness of seven fringes

on both sides; 30" reflectivity measurements m.de with alumiuum
mirror reference st.ndard; data extracted from a curve.

3 84 Mitsuithi, A. 1962 R 49.7-223 298 Single crystal; near normal reflectivity sea~urvd In vacau with

Yamada. Y., and aluminum reference standard; data extracted from a curve.
Yoshinga. H.

4 152 Lamatsch, H., Rosse, 1972 R 0.20-0.23 77 Single crystal;near normal reflectivity observed; data extracted
J., and Saurer, E. from a curve.

5 26 Vcranat, P., Claudel, 1969 R 66-297 290 Cal crystals; reflectivities at 15' incidence obtained; data ex-
J.,ll3adni. A., and tracted from a figure.

Strimer. P.

6 26 Vergnat. P. et al. 1969 R 82-246 80 Same as above.

7 26 Vergnat, P. et al. 1969 R 72-254 4.2 Same as above.

1<
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I sO

f /
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TAB 18~~. :. :4. 'H, K LFCII . Y OF CESi:11 IDE

~ ' ~T, 1K; R~f.H Qt iry,

ZA'A ~EI~ ~A Si-T e. (COAT.) U.1A 3.T 4 OATA E! 4.(CCht . DATA Sit s(ST. .. A1T ?(rCc T.I

- L T - 71.03,. -:z .,ZS L,.;.5 I.. .7
7.TA SET 3 ~ . ~ j.2.51 .3zl 44. ;.24.;..Z .. o

r - 3L;.& L~b 0.213 0.2a63 4.36.L 247.1 ~ .11. 1.4.. 3.3k

~IS .. ~ .~7 .7 i.i ,.4 -.Z17. L ZD4 ATA SET 2s. JA.s

7 0.' .. ~c.s Z .114 t . I9 87.5 .22. Z

L-i P 57. .. 32 Z2. '4.24% IZ 1 6.214 96-L5 C.04 Ci14s

22. ,~ .Sbe .. 4?.. '.2.51 .Z; .5 i ... Z5 116.?. *. .31

2,1.5~D 38 .. x Lj6 ".2 e.6. I.2 e

2.., .. 5 I. .. 63.(1 .175 Z .22 I.'s. .6.9i 6*..

5. ... j.67 4 tqZ. Q... 3b 12. 6.949

I * ~96..,%66 3.S ... 2 6.2.6 £,S S.1 32.1 2.;

u.-, .g286 ±~ J. 5.4 T(.42.8 65T.6 1;. 6

7.l 96.-? 3.iZ.3. z . Ls? 15.2 L. . 515 ."j.-..

r .5 blc3 .. Z2J 319 b. ? L ;.350 93..? U. !?..9 L.

.U - 33-.c :i r; 6 C 924.4 L.k ~ ,. 4 4



1.0 T--T--T -- - T --TT -y------- r---i---

0

0 at

04Set No. Symbol T,K Ref.

3 A 298 [8160
8 + 298 [160]

9 Z 298 [160]

10- 100 10 1 102

Wavelength, i~m

Figure 44. Transmission of Cesium Iodide



TABLE 69. SLUOIARY OF AFKSURL.METS ON THE TRANSMISSION OF CESIU4 IODIDE

Sta Ref. Author(s) Year Method Wa~clmgth Temerlace. Specifications and Re-rks

No. Used R-g;e, i. K

1 54 HcCarthy, D.E. 1963 T 2.00-50.00 298 Synthetic crystal; 1 cm thick; polished both sides; data extr.ated

from a curve.

2 159 Plyler. E.K. and 1960 T 17.2-55.5 298 High purity crystal; obtained from Harshae Chemical Co.; 5 m thick;

Blaine. L.R. data extrjcted from a curve.

3 85 McCarthy, D.E. 1967 T 0.203-3.00 298 Single synthetic crystal; 10 mm thick; polished; data extracted from
a curve.

4 160 Viehmann, W., Arens. 1974 T 0.33-0.67 298 Single crystal; plate specimen of 2.7 cm thick; not encapsulated;

J.F., and Simon, M. transmission measurementa perfored utilizing a HoNe laser of I mw
output at 0.633 um; data extracted from a figure.

5 160 Vichmnn, W. at al. 1974 T 0. 33-0.67 298 Similar to above except the specimen encapsulated in Si-oil and

lucite.

6 160 Vlehmann. W. et al. 1974 T 0.33-0.67 298 Similar to above except specimen of 5 cm thick asd not encapsulated.

7 160 Viohmann. W. et al. 1974 T 0.33-0.67 298 Similar to above except specimen encapsulated.

a 160 Viehmann, W. et al. 1974 T 0.33-0.67 298 Similar to above except specimen of 2 cm thick and not encapsulated.

9 160 Viehmann. W. et al. 1974 T 0.33-0.67 298 Similar to above except specimen encapsulated.

I.•

'I



TABLZ 7r. :::NA DAhO\ rsziF TRANSMISSION OF CESIUM IODIDE

~Wav31eng Lm; A.b! em:2eracare. T, K: Transnl~sion. 7

7 ", -. T A i .

3.37 56 2. .74 .8. 5:~.t) LT. O 6 3331. SE 82 L

35.1 ,. -- 2 j * 4: C.2 Z:,3

.7.1 T5 .3a-4 3.5 4.i4 1
5.. .1 .2 2 47Z3 . L3 K.c2v

3 "Z: :o !. '- 241 SE 31 -- ..2 38

.. 3 s 4.4.-5 . i .52 3

-11, ..77 .5. 3.57Z .. ,b9 ;.35i

.iZ -6 -. 2 .. )9*. -7

-4.e * e32
2.1t a T 9

3.T SET 7 T7 cot...

7.. 5 , 2.?. a5 J . 3 3 1 .. 4
7 2,17 . C :b

2.7.. 0 - 7 .24,3

2 .. r ... 53!.

0., s.5 a.? 52 3 j.72 0 .'.4

-?.3 E3 13.0. 387 , C6.
704i 4- 39 7. .?3. .3i3. ,. 9b

.747 , '.j .9

li .4 L .7 t j L..,,)

2e.5 8 9 a.7-3 .,77 .76
-60.2 0.756

3.6, g.13..s -5.6. .. t.3 1.762 .. oo t44
U.7 .73



TABLE 71. PEAK POSITIONS (Amax) IN pm AND HALF-WIDTHS (W) IN eV FOR THE F, R, M, AND N
ABSORPTION BANDS IN CESIUM IODIDE*

Interionic F band R1 band R2 band M band N bands
dist., d Temp. W X W

(X) max max max max max

3.95 RT (0.778).
0.785 0.36 1.220 0.1

NT 0.750 0.23 1.185 0.05

* Values were taken from Ref. [69].

i Values given in parentheses are calculated from the Ivey relations [70].

F band X = 703 d' 
8
4 for NaCl structure, Xa = 251 d

2 .
5 for CsCI structure.max max

R, band X - 816 d
l
'

8
4

max

R2 band X ax 884 d' .1

M band X - 1400 d'
"85

Max

/
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4. SUMMARY OF RESULTS AND RECOMMENDATIONS

The purpose of the present work is to survey and ccmpile the available

information on the absorption coefficient of alkali halides and to generate

recommended values on the absorption coefficient in the infrared region. The

results of this study are summarized below.

The Urbach rule appears to be generally applicable to the uv absorption

edge of alkali halides. Measurements of absorption coefficients as a function

of frequency at various temperatures, enable the establishment of the equations

for the Urbach tails. These equations are useful in predicting th(, intrinsic

absorption coefficients for these materials. Compared with the experimental

results at the tails, this rule provides clues regarding the extent of impurity

or defect in the samples. To ascertain if the Urbach rule can be extended into

the transparent region requires experimental data on ultrapure samples. The

current available data are less than adequate to provide such positive evidence.

In the highly transparent region, absorption coefficients are usually lou.

Since refractive indices in the transparent region can be measured accIrately,

the corresponding absorption coefficients can be calculated from the expressions

R = (n-i)
2 + k

2

(n+l)
2 + k2

and

c= 4rkv

It is clear that a can be determined provided that reliable reflectivity

data are available. Such important data are currently missing as reflectivity

measurements are concentrated in the fundamental uv absorption band and the

reststrahlen region.

Available data in the multiphonon region indicate that the absorption

coefficient can be expressed as an exponential function of frequency. Deutsch's

results [12] supported the exponential dependence of the absorption coefficient

on frequency for LiF, NaCI, KC1, and KBr; however, due to inadequate data,

such a relation could not be developed for NaF and KI. However, we have found

in this study that such an exponential relation can also be formulated for

NaF and KI based on the following findings:
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1. Listed below are the constant, V., in Eqs. (23), (29), (32), and (35)

for LiF, NaCl, KCI, and KBr, respectively, and their corresponding

molecular weights, M, including those of NaF, KI, and CsI. In addi-

tion, the corresponding I/M are also given.

LiF NaF NaCI KCl KBr KI CsI

Vol cm-1 153.2 56.0 50.8 39.1
M, g mole

-
' 26 42 58.5 74.5 120 166 260

I/M, mole-'g 0.0385 0.0238 0.0171 0.0134 0.0083 0.0060 0.0038

A plot of log Vo versus l/M for LiF, NaCI, KCl, and KBr as shown in

Figure 45 reveals that these four points can be approximated by a

straight line. Based on this plot, the predicted values of V for0

NaF, KI, and Csl are, respectively, 78.5 cm
- 1

, 35 cm
-
', and 32 cm

-
1.

2. In the case of NaF, available data by Hohls [29] and Klier 1411 (see

Fig. 11) suggested a much higher value for v . However, the data
0

set obtained by McNelly and Pohl [80], read off from Figure 12, for

a temperature of 300 K gave a value of 79.5 cm
- 

for vo, closely in

accordance with the predicted value 78.5 cm
-
1. Careful review of

their reports indicated that McNelly and Pohl used samples of extreme

purity and they found no indications of any extrinsic absorption.

Based on this evidence and the match of predicted v. value, we con-

fidently adopted Eq. (26) to represent the absorption coefficient

of pure NaF in the multiphonon region at room temperature.

3. In the case of KI, similar situations were encountered. Available

data reported by Harrington et al. (1041 were used to test the pre-

diction. Indeed, a value of 35.1 cm
- 1 

for v 0 was found and Eq. (38)

was consequently adopted. In the case of Csl, unfortunately the cur-

rent 3tate of available data is inadequate either to substantiate

the prediction or to define a unique value for v
0

With two additional points, those of NaF and [I, in Figure 45, there is

little doubt to believe that log v is proportional to I/M in the form of

equation

v = Ae
B/M

0

where A and B are constants. No attempt was made to assign numerical values

to these constants until the physical meaning of this equation is understood.
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A -lose examination of the absorption spectra in the multiphonon region

for LiF, NaC1, KC1, and KBr (shown in Figs. 5, 17, 23, and 29), one will ap-

;)re: iatv the strong possibilities that analytical expressions similar to those

for the Urbach tail region can be formulated for the multiphonon region. Re-

sults toward these ends will be presented in the second report of this study

on alkali halides.

In the wavelength region of laser interest, absorption coefficients were

made available at a few selected wavelengths. Although it appeared that ab-

.;orption coefficients at some wavelengths, 10.6 lim for example, could be pre-

dicted by Eqs. (29), (32), and (35) in the cases of NaC1, KCl, and KBr, exper-

imental data showed considerable discrepancies due to impurities and surface

contaminations. Furthermore, determination of extreme low absorption is hampered

by thy limit of instrument sensitivity, hence the inevitable discrepancies.

Many investigators treated the bulk and surface absorption as two separate

parts and efforts have been made to identify them separately. As a result,

very low bulk absorption coefficients (close to the intrinsic) were reported

with surface absorption generally many times higher. In practice, however,

the total absorption actually accounts for the objectionable effects at high-

power levels. Natural consequences of this are numerous investigations aimed

.it -liminating or reducing the extrinsic contributions. Growing of crystals

with the reactlve-atmosphere process and cleaning the surface with various chem-

ical techniques are two popular means that have been employed. To date, only

modest success has been achieved.

Assignment of the bulk and surface origins of extrinsic absorption at

9.5 and 3.8 lim has been controversial. Some workers believe that surface

contamination is the main cause of excess absorption; others think bulk impur-

ities are the reason. No clear line can be drawn between these two views based

on currently available information.

Some materials have rela:ively high intrinsic absorption at certain laser

wavelengths. However, it has been made clear by the advances of laser tech-

nology that laser wavelengths are no longer limited to the 2-6 Om region and

to 1(.6 lm, the so-called chemical and CO2 laser wavelengths. New developments

have shown that laser action can be produced at other wavelengths In the near

infrared, visible, near ultraviolet, and ultraviolet regions. Optical mater-

ials that are not suitable at certain wavelengths may be found to be important

-A m m-
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at other wavelengths. It is clear, therefore, that well planned and systematic

experimental investigation of absorption should be carried out, covering wide

spectral and temperature ranges for a wide variety of optical materials.

,,%m ,, .. . . - _ - m _ _ _-
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APPENDIX

The figures included in the Appendix are vuv absorption spectra of the

seven materials which are presented in this report. For each data set, the

purposes of the investigations, where the curve was taken from, differences

for different spectral regions are specified. Some researchers were interested

in the absolute values of absorption coefficients, some simply wanted to show

the spectral structure. As a result, m ny workers adopted arbitrary (arb)

units for the absorption coefficient (c: Since the purpose of including these

figures is to provide the readers the supplemental parts of the complete ab-

sorption spectra, selected, typical results are plotted in a single scale and

the appropriate scaling magnitudes are given in the legend.
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